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— ^At  -100*^  a bromine  or  iodine  atom  attached  to  an  aromatic  nucleus  can 
be  replaced  rapidly  through  halogen-metal  exchange  with  butyllithium.  Since  at 
this  low  temperature  many  functional  groups  show  a surprising  unreactivity 
toward  organolithium  reagents,  it  has  been  found  possible  to  generate  many 
phenyllithium  reagents  having  a functional  group  at  the  ortho,  meta  or  para 
position.  Such  functional  groups  have  included  the  chloromethyl , beta 

(over) 


DD  , 


FORM 
JAN  71 


1473 


7/ 


Ji 


EDITION  OF  I NOV  69  IS  OBSOLETE 


Unclassified 


?e>7  ” 


k 


(Block  20  Continued) 


bromoethyl,  cyano,  carboxylate,  carboalkoxy  as  well  as  beta  carboxyethyl 
anion  and  beta  carboxamidoethyl  groups. 


—^Functionalized  phenyllithium  reagents  have  great  synthetic  utility. 
Reaction  with  electrophiles,  such  a methyl  iodide,  bromine,  benzaphenone , 
cyclohexonone,  phthalic  anhydride,  benzoate  esters,  diphenyl  disulfide  or 
ethylene  oxide  replaces  the  aryl  lithium  atom  resulting  in  a benzene  ring 
with  two  functional  groups. 


Usually,  allowing  the  functionalized  aryllithium  to  warm  up  results  in 
an  interaction  between  the  lithium  atom  and  the  functional  group.  A useful 
example  of  such  an  interaction  is  the  self  condensation  of  lithium  ortho-lithio 
benzoates  to  yield  ortho-benzoylbenzoic  acid.  

A phenyllithium  reagent  having  a functional  substituent  in  the  ortho 
position  are  frequently  useful  intermediates  for  cyclization. 
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1.  Foreword 

In  the  fall  of  1973  the  late  Prof.  William  E.  Parham 
submitted  to  the  Army  Research  Office  a research  proposal 
based  upon  some  preliminary  results  which  he  had  obtained  with 
Duke  University  funding.  As  a result  of  the  favorable  evaluations 
of  the  research  proposal,  Duke  University  received  a grant  of 
$75,965  for  a three-year  period  Kay  1,  1974-April  30,  1977,  with 
Dr.  Parham  as  Chief  Investigator.  Approximately  two  years  after 
the  grant  took  effect,  on  May  21,  1976,  Dr.  Parham's  sudden  and 
untimely  death  deprived  us  of  an  esteemed  colleague  and  our 
country  of  an  outstanding  scientist. 

After  each  of  Dr.  Parham's  four  graduate  students  had 
requested  that  I assist  them  in  the  completion  of  their  theses 
our  departmental  chairman,  Dr.  Louis  D.  Quin,  recommended  to  the 
Army  Research  Office  that  I be  appointed  Substitute  Chief 
Investigator  for  the  balance  of  the  grant  period.  This 
recommendation  was  approved. 

In  the  spring  of  1977  when  it  was  not  clear  whether  any 
funding  would  be  available  after  the  expiration  of  the  Parham 
grant  an  extension  of  the  expiration  date  to  December  31,  1977, 
without  additional  funds  was  requested  and  granted. 

Fortunately  it  proved  possible  to  obtain  additional 
funding  from  the  Army  Research  Office  for  the  grant  period 
6/15/77  - 6/14/79  under  a new  grant  entitled  "Cyclizations 
Involving  Intermediates  Obtained  by  Selective  Lithiations" . 

The  funds  originally  awarded  for  the  Parham  grant  had  been 
exhausted  by  6/15/77. 


2.  List  of  Appendices  (all  publications  acknowledging  support 
of  DAHC04  74  G0128) 
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3.  Body  of  Report 

The  ten  published  papers  which  acknowledge  support  of  the  present 
grant  are  submitted  either  as  reprints  or  Xerographic  copies  and  from 
an  essentially  complete  record  of  accomplishments  during  the  active 
life  of  the  grant.  In  the  next  few  pages  an  attempt  will  be  made 
to  point  out  the  highlights  of  what  has  been  accomplished.  The 
reference  numbers  refer  to  the  appendices  (see  part  2 of  this  report). 


4. 


The  synthesis  of  ortho-benzoylbenzoic  acids  which  was  the 
central  theme  of  the  original  application  was  dealt  with 
thoroughly  in  papers  1,  2 and  7,  and  9,  although  the  methods 
used  in  the  first  two  papers  were  also  applicable  to  the  more 
difficult  accessible  meta  and  para  isomers.  If  a bromobenzoic 
acid  is  subjected  to  the  action  of  two  equivalents  of 
butyllithium  at  -100°  the  result  is  an  aryllithium. 


reagent  ^ bearing  a carboxylate  anion.  This  reagent  is  fairly 
stable  at  -100°,  but  if  the  temperature  is  allowed  to  rise  to 
-20°  it  undergoes  self-condensation  affording  ft  which  on 
hydrolysis  affords  the  appropriate  benzoylbenzoic  acid  (5)  in 
good  yield.1 

The  acylation  of  the  intermediate  dianion(3)  by  the  use  of 
methyl  esters  of  benzoic  acid  derivatives  makes  possible  the 
preparation  of  a wide  variety  of  aroyl  benzoic  acids  (£) . 


5. 


In  later  work7  it  was  shown  that  the  methyl  esters  could  be  those 
of  furan  2-carboxylic  acid  or  of  1-methyl  indole- 2-carboxylic  acids. 

The  first  indication  of  the  tremendous  synthetic  implications 
of  the  Parham  selective  lithiation  procedure  are  to  be  found  in  a 
paper  with  Jones  and  Sayed5  entitled  "Selective  Halogen-Lithium 
Exchange  in  Bromophenylalkyl  Halides".  It  was  shown  that  o-bromobenzyl 
chloride  (^,  n=l)  or  the  corresponding  bromide  2-(o-bromophenyl)ethyl 
chloride  (^,  n=2)  or  3- (o-bromophenyl) propyl  chloride  (£,  n=3)  of 


l 


-100°  undergo  selective  halogen  exchange  at  the  aryl  halogen  affording 
high  yields  of  organolithium  reagents  (£) . An  illustration  of  the 
usefulness  of  these  reagents  in  cyclizations  is  provided  by  the 
reactions  of  2-(o-bromophenyl)ethyl  bromide  (£) . The  quenching  of 


6. 


arylithium  reagent  9 with  water  is  a useful  way  to  determine 
the  completeness  of  the  halogen  lithium  exchange,  in  this  case 
virtually  complete. 

Allowing  the  organolithium  reagent  £ to  warm  up  to  room 
temperature  affords  the  easiest  known  route  to  benzocyclobutene  (^) . 
The  example  in  which  cyclohexanone  is  the  electrophile  illustrates 
an  important  synthetic  strategy  which  finds  repeated  application 
in  Parham  chemistry.  The  electrophile  adds,  creating  an  anion 
(in  this  case  , which  displaces  the  bromide  ion  from  the  side 
chain  forming  a heterocyclic  system,  in  this  case  a spiro 
isochroman  Q^) . 
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Some  of  the  same  inclination  toward  cyclization  of  the  primary 
addition  product  to  form  a heterocyclic  system  may  be  seen  in  the 
reactions  of  the  lithium  reagent  ^ obtained  from  o-bromobenzo- 
nitrile6  ,1^.  With  cyclohexanone  or  benzophenone  it  affords  the 
imines  16  and  1£  of  phthalides,  while  with  phenylisocyanate  the 
inline  derivative  of  an  N-phenylphthalimide  (18)* 


In  an  earlier  paper3  Parham,  Jones  and  Sayed  showed  that 
3-(2-bromophenyl)propanoic  acid  would  react  with  2.2  equivalents 

of  butyllithium  for  45  minutes  at  -100°  to  afford  the  dianion  £0 
which  undergoes  cyclization  spontaneously  affording  indanone  ^ in 
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76%  yield.  The  authors  pointed  out  that  this  new  cyclization 
would  offer  advantages  over  the  Friedel-Craf ts  type  of  ring 
closure  of  3-phenylpropanoic  acids  in  that  the  lithiaf’on 
procedure  should  not  be  inhibited  (as  is  the  Friedel-Craf ts 
procedure)  by  the  presence  of  electron-withdrawing  substituents 
on  the  benzene  ring. 

The  work  described  was  carried  out  with  the  assistance  of 
the  following  co-workers: 

Post  Doctoral  Research  Associates 

Dr.  Robert  M.  Piccirilli  8/74,  12/74 
Dr.  Yousry  Sayed  5/74-5/75,  7/75 
Graduate  Student  Research  Assistants: 

David  W.  Boykin  6/76  - 5/77 

Kevin  J.  Edger  2/77 

David  A.  Hunt  9/76  - 5/77 

Lawrence  D.  Jones  9/74  - 2/76 


David  C.  Reames 


9/76  - 5/77 
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Synthesis  of  Benzoylbenzoic  Acids 

William  E.  Parham*  and  Yousry  A.  Sayed 
Paul  M.  Gross  Chemical  Laboratory,  Duke  University,  Durham,  North  Carolina  27706 
Received  December  27,  1973 

Bromine-lithium  exchange  in  the  isomeric  bromobenzoic  acids  with  n-butyllithium  in  tetrahydrofuran  occurs 
selectively  at  —100°.  The  fate  of  these  ions  as  a function  of  temperature  has  been  examined.  The  dianions  are 
stable  at  —75°  but  self-condense  readily  at  —20°  to  give  directly,  and  in  good  yield,  o-,  m-,  and  p-benzoylben- 
zoic  acid,  respectively.  Anthraquinone  is  formed  directlv  from  o-bromobenzoic  acid  at  higher  temperature  (0  to 
-20°) 


In  his  pioneering  work  in  organometallic  chemistry,  Gil- 
man1 and  his  coworkers  established  that  halogen-metal 
interchange  could  be  achieved  with  substituted  haloben- 
zene  derivatives,  and  that  the  derived  anions  could  be 
used  as  intermediates  in  synthesis  as  shown  in  Scheme  I. 
A variety  of  halobenzene  derivatives  were  employed  in 
this  work  containing  OH,  CN,  NH2,  SO2NH2,  and 
S02N(C2H5)2  functional- groups;  diethyl  ether  was  used  as 
solvent  and  temperatures  of  metalation  varied  from  room 
temperature  to  -78°.  While  syntheses  from  organometal- 
lic intermediates  of  type  1 are  potentially  quite  valuable, 
the  procedure  utilizing  functionalized  aryl  halides  has 
largely  been  overlooked,  probably  owing  to  the  highly 
variable  yields  of  benzoic  acid  derivatives  (14-78%)  ob- 
tained upon  carbonation.  In  1970,  Kobrich  and  Buck2 
showed  that  o-nitrobromobenzene  derivatives  could  be 
metalated  in  high  yield  (tetrahydrofuran  at  -100°)  (eq  3, 
Scheme  I)  while  m-  or  p-nitrobromobenzene  derivatives 
undergo  a redox  reaction  under  these  conditions. 

We  conclude  that  bromine-lithium  exchange  should  be 
highly  selective  for  many  substituted  halobenzenes  at  very 
low  temperature  (-100°,  liquid  N2),  and  that  the  variable 
yields  of  products  previously  reported  were  a consequence 
of  side  reactions  of  derived  anions  of  type  2 with  them- 
selves or  with  solvent.  We  have,  accordingly,  reexamined 
halogen- metal  interchange  of  the  isomeric  bromobenzoic 
acids  and  evaluated  the  product  distribution  as  a function 
of  temperature. 

Reaction  of  o-bromobenzoic  acid  was  studied  in  detail. 
Wien  metalation  of  1 was  conducted  at  -100°  in  tetrahy- 
drofuran and  the  reaction  mixture  maintained  at  —75°, 
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metalation  was  complete.  The  product  distribution  ob- 
tained subsequent  to  quenching  the  mixture  with  water  is 
shown  in  Scheme  II. 

When  the  anion  2 was  added  to  bromine  in  carbon  tet- 
rachloride, o-bromobenzoic  acid  was  formed  and  isolated 
in  >80%  yield.  Two  minor  side  products,  valerophenone 
(3,  6%)  and  lactone  4 (4.5%),  were  detected  in  the  neutral 
fraction  of  the  product  obtained  by  addition  of  2 to  water. 
Valerophenone  was  undoubtedly  formed  by  the  slow  addi- 
tion of  excess  butyllithium  to  the  anion  2,  and  the  lactone 

4 by  addition  of  2 to  valerophenone.  Evidence  supporting 
the  latter  assumption  was  obtained  by  the  independent 
synthesis  of  4 (67%  yield)  by  addition  of  2 to  valerophe- 
none. 

The  fate  of  the  anion  2 was  found  to  be  quite  sensitive 
to  temperature  (Scheme  III).  Thus,  while  the  anion  2 is 
quite  stable  at  —75°,  it  condenses  with  itself3  as  the  tem- 
perature is  raised  to  -20°.  Quenching  the  mixture  ob- 
tained at  —20°  with  water  gave  benzoic  acid  (8.4%), 
formed  from  unreacted  2,  o-benzoylbenzoic  acid  (6,  63% 
yield,  pure),  anthraquinone  (7,  2.3%  yield)  formed  by  self- 
condensation of  5,  valerophenone  (4%),  and  lactone  4 
(7%), 

When  the  temperature  of  the  above  reaction  mixture 
was  brought  to  0°,  none  of  the  anion  2 survived  nor  was 
there  any  loss  of  anion  2 by  abstraction  of  hydrogen  from 
solvent,  since  no  benzoic  acid  was  obtained  after  addition 
of  water;  the  yield  of  anthraquinone  rose  only  slightly  to 
5.6%,  and  the  yield  of  o-benzoylbenzoic  acid  was  not 
changed  appreciably  (64%  pure  (i). 

Attempts  to  effect  a more  efficient  direct  conversion  of 

5 to  7 were  only  partly  successful,  and  this  is  a 'ributed  to 
interaction  of  5 with  solvent  at  higher  temperature  (-20°) 
to  give  the  salt  of  (>.  Addition  of  bromine  to  the  solution  of 
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Conversion  of  2 to  o--Bromobenzoic  Acid.  A solution  of  2 was 
prepared  as  described  in  A and  prior  to  quenching  was  added  to 
bromine  (excess  in  carbon  tetrachloride).  The  acid  1 was  isolated 
by  conventional  means  and  obtained  in  nearly  quantitative  yield. 

m-Benzovlbcnzoic  acid  was  prepared  from  m-bromobenzoic 
acid  (0.0125  mol)  by  a procedure  essentially  identical  with  that 
described  in  B;  the  mixture  was  maintained  at  —20  to  —10°  (5  hr) 
prior  to  quenching  with  water.  There  was  obtained  (1)  benzoic 
acid  (mp  118  120°,  9.2%).  (2)  m-benzoylbenzoic  acid  (8,  69%,  mp 
155-158°;  63%  from  chloroform  petroleum  ether,6  mp  and  mmp 
161-162°  (lit.8  mp  161-162°)].  The  neutral  fraction  contained  only 
trace  quantities  of  products  other  than  valerophenone  (9%). 

p-Bcnzovlbenzoic  acid  was  prepared  from  p-bromobenzoic  acid 
as  described  for  8.  The  acid  fraction  on  chromatography  [silica 
gel,  petroleum  ether6-diethvl  ether  (70:30)  as  eluent]  gave  p-ben- 
zoyl  ben  zoic  acid  (40%>,  mp  199-201°  (lit.9  mp  197-200°)]  and  ben- 
zoic acid  (30%). 

When  the  amount  of  tetrahydrofuran  was  increased  twofold, 
only  benzoic  acid  was  obtained. 

When  the  procedure  was  carried  out  as  described  for  8 but  with 
a mixture  of  tetrahydrofuran  hexane  (60:40)  the  yield  of  p-ben- 
zoylbenzoic  acid  was  55-60%  (multiple  runs). 
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n-Butyllithium  reacts  selectively  at  -100°  with  isomeric  methyl  bromobenzoates  by  halogen-metal  exchange. 
The  corresponding  anions  derived  from  the  meta  and  para  isomers  react  readily  with  methyl  ester  functions  at 
— 100°;  however,  the  anion  derived  from  the  ortho  isomer  reacts  only  slowly  at  this  temperature,  which  permits 
complete  metal  halogen  interchange.  The  self-condensation  of  isomeric  methyl  bromobenzoates,  and  the  reac- 
tions of  dianions  derived  from  the  isomeric  bromobenzoic  acids  with  substituted  methyl  benzoates,  provide 
ready  access  to  a wide  variety  of  o-,  m-,  and  p- benzoyl  benzoic  acids. 


In  a previous  communication1  we  reported  a convenient 
procedure  for  a one-step  conversion  of  bromobenzoic  acids 
to  o-,  m-,  and  p-benzovlbenzoic  acids.  While  it  is  appar- 
ent that  this  concept  can  be  extended  to  a variety  of  sub- 
stituted halobenzene  derivatives,  we  were  particularly  in- 
terested in  examining  comparable  reactions  of  the  isomer- 
ic methyl  bromobenzoates  with  n-butyllithium;  it  was  an- 
ticipated that  an  understanding  of  competitive  halogen- 
metal  exchange  vs.  carbonyl  addition  reactions  in  such 
systems  would  permit  a more  versatile  procedure  for  the 
preparation  of  a variety  of  isomeric  arovlbenzoic  acids. 

A.  Self-Condensation  of  Methyl  Bromobenzoates. 
Methyl  esters  are  considerably  more  reactive  to  anion  ad- 
dition reactions  than  carboxylate  ions  previously  studied;1 
nevertheless,  reaction  of  methyl  p-bromobenzoate  with  n- 
butyllithium  in  tetrahydrofuran  at  -100°  is  selective  in 
that  the  primary  reaction  involves  halogen-metal  inter- 
change rather  than  addition  of  alkyllithium  to  the  carbon- 
yl ester  function.  The  derived  anion  2 did,  however,  react 
as  formed  at  the  ester  function  of  unreacted  1,  as  shown  in 
Scheme  1. 

The  principal  product,  methyl  4-(p-bromobcnzoyl)bcn- 
zoatc  (3),  obtained  pure  in  63%  yield  when  0.75  molar 
cquiv  of  n-butyllithium  was  employed,  was  unknown,  and 
was  further  characterized  by  hydrolysis  (~100%  yield)  to 
the  corresponding  acid  I.  The  yield  of  3 was  optimum 
with  approximately  0.75  molar  equiv  of  n-butyllithium. 


Scheme  1 


4 


The  yield  of  3 dropped  to  49%  when  0.6  molar  equiv  of  n- 
butyllithium  was  employed,  and  in  this  case  9%  of  1 was 
recovered  unchanged;  when  1 molar  cquiv  of  n-butylliih- 
ium  was  employed  the  yield  of  3 was  57%. 

The  temperature  of  the  above  reaction  was  found  to  be 
critical  if  high  yields  of  bromo  ester  3 are  to  be  obtained. 


2054  J Org.  Chem.,  Vol.  39,  No.  14,  1974 


Parham  and  Sayed 


! 


When  1 was  treated  with  n-butyllithium  at  -75°  the  yield 
of  3 was  only  10-15%.  The  principal  product  in  this  case 
was  a neutral  oil  which  contained  OH,  n-C^Hg,  and 
CO2CH3  functions  (by  ir  and  nmr),  establishing  competi- 
tive reactions  of  n-butyllithium  with  ester  or  carbonyl 
functions;  however,  this  material  gave  an  oily  acid  on  hy- 
drolysis and  was  not  examined  further. 

The  above  sequence  provides  a remarkably  easy  route  to 
methyl  4-(p-bromobenzoyl)benzoate  (3)  and  it  is  assumed 
that  the  method  can  be  extended  to  related  compounds 
containing  substituents  less  reactive  to  anion  addition 
than  the  ester  function. 

The  sequence  is  by  no  means  limited  to  the  synthesis  of 
benzoic  acids  substituted  in  the  para  position.  Thus,  when 
methyl  m-bromobenzoate  was  treated  similarly  with  0.75 
molar  equiv  of  n-butyllithium  at  -100°,  no  unchanged 
bromo  ester  5 was  detected  and  methyl  3-(m-bromoben- 
zoyDbenzoate  (6)  (Scheme  II)  was  obtained  directly  in 
64%  yield  (pure).  The  ester  6 was  unknown  and  was  fur- 
ther characterized  by  conversion  to  the  new  acid  7. 

Scheme  11 


CO.CH, 


7 (9-4%) 


The  reaction  of  methyl  O-bromobenzoate  (8)  with  n- 
butyllithium  followed  a different  course  than  that  ob- 
served for  the  meta  and  para  isomer,  although,  as  for 
reactions  of  1 and  5,  metal-halogen  interchange  occurred 
rather  than  direct  addition  of  alkyllithium  to  the  ester 
function  (Scheme  111).  Reaction  of  the  intermediate  anion 
9 with  unchanged  bromo  ester  8 was  slow  at  —100°,  as  an- 
ticipated from  steric  considerations,  which  permitted 
complete  metalation  of  8 to  9.  When  the  mixture  was 
warmed  to  -75°  the  anion  9 self  condensed  and,  subse- 
quent to  addition  of  water,  there  was  obtained  an  88% 
yield  of  methyl  o-benzoylbenzoate  (10).  Although  we 
could  not  induce  this  low-melting  ester  to  crystallize,  it 
was  pure  by  nmr,  and  was  hydrolyzed  in  essentially  quan- 
titative yield  to  o-benzoylbenzoic  acid  (11). 


Scheme  III 


In  the  above  experiment  it  was  found  expedient  to  use  1 
molar  equiv  of  n-butyllithium;  use  of  0.75  molar  equiv  of 
n-butyllithium  gave  10  in  49%  yield  and  appreciable  start- 
ing ester  8 (31%). 

B.  Crossover  {Experiments.  In  view  of  the  stability  of 
the  dianions  prepared  from  the  isomeric  bromobenzoic 
acids'  at  -100°  and  the  reactivity  of  the  methyl  ester 


group  toward  aryl  anions  observed  at  -100  to  -75°,  it  be- 
came apparent  that  a seemingly  broad  spectrum  of  substi- 
tuted benzoic  acids  could  be  prepared  by  crossover  experi- 
ments. While  we  have  not  yet  defined  the  scope  of  this 
method,  we  have  demonstrated  its  utility  by  the  examples 
outlined  in  Scheme  IV. 


Scheme  IV 


*1  BrC,H,CO,CH, 


2a  C4H,Li 
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CjHjCOjCH, 

-75* 
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(OOH 


Br 


COOH 


(3) 


Since  the  only  obvious  limitation  to  this  synthesis  of 
isomeric  aroylbenzoic  acids  is  that  the  ester  moiety  con- 
tain functional  groups  less  reactive  toward  nucleophilic 
addition  than  the  ester  function  itself,  it  is  apparent  that 
this  scheme  constitutes  a useful  method,  based  on  Gil- 
man’s pioneering  work,  for  the  synthesis  of  aromatic  com- 
pounds. In  view  of  the  limited  scope  of  the  only  other 
practical  synthesis  of  anthraquinones  (from  o-benzoylben- 
zoic acids  prepared  by  the  Friede!  -Crafts  phthalic  anhy- 
dride synthesis2)  this  procedure  should  prove  of  value  for 
the  preparation  of  precursors  to  anthraquinones  and  po- 
lynuclear aromatic  systems  not  easily  available  by  other 
routes. 

The  procedure  is  also  applicable  for  the  preparation  of 
the  more  hindered  ortho.ortho-substituted  cases  summa- 
rized in  Scheme  V.  Thus,  reaction  of  15  with  methyl  o- 
toluate  gave  1G  (59%,  pure).  Reaction  of  15  with  methyl 
o-bromobenzoate  was  of  interest  since  in  addition  to  the 
expected  acid  17  (45%),  there  was  also  obtained  an  appre- 
ciable quantity  (29%)  of  trimer  acid  18.  While  18  could 
theoretically  form  by  addition  of  15  to  the  salt  of  17,  this 
seems  unlikely,  since  in  no  other  case  have  we  observed 
such  addition  to  carboxylate  functions  at  -75°.  It  seems 
more  likely  that  18  is  formed  by  competitive  lithium  ex- 
change reactions  as,  for  example,  shown  in  Scheme  VI; 
however,  this  possibility  has  not  been  examined. 

It  would  appear  that  the  condensation  of  dianions  of 
type  15  with  acid  halides  is  not  as  efficient  for  the  prepa- 
ration of  o-benzoylbcnzoic  acids  as  is  condensation  with 
the  corresponding  ester.  Formation  of  considerable 
amounts  of  23  (19%)  along  with  16  (41%)  by  addition  of  20 
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Scheme  V 

COOH  COO 
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Scheme  VI 
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to  15  at  -75°  is  consistent  with  the  conclusion  that  anhy- 
dride formation  is  faster  (or  competitive)  with  carbanion 
addition  as  summarized  in  Scheme  Vll.  Similarily,  addi- 
tion of  o-bromobenzoyl  chloride  to  15  at  -75°  gave  a mix- 
ture of  17  (31%)  and  18  (29%). 

Experimental  Section 

Self-Condensation  of  Methyl  Bromobenzoalcs.  Reaction  of 
Methyl  p-Bromobenzoate  (1)  with  n-Butyllithium.  n-Butyllith- 
ium  (9.4  ml  of  ~2  M solution  in  hexane.  ~0.0185  mol)  was  slowly 
added  (1  hr)  to  a solution  of  1 (5.4  g,  0.025  mol,  predried)  in  te- 
trahydrofuran  (50  ml,  distilled  from  L i A 1 H 4 ) . The  mixture  was 
under  nitrogen  and  the  temperature  was  not  allowed  to  rise  above 
—95°  (liquid  N2,  diethyl  ether).  The  mixture  was  allowed  to 
warm  to  —75°  and  after  3 hr  was  poured  into  5%  aqueous  hydro- 
chloric acid  (50  ml).  The  resulting  mixture  was  extracted  with 
ether  and  the  extracts  were  dried  (MgS04).  The  white  solid  (5.2 
g,  mp  110-130°)  obtained  by  removal  of  ether  was  recrystallized 
from  chloroform-methanol  to  give  2.5  g of  methyl  4-(p-bromoben- 
zoyl)benzoate  (3,  63% yield,  mp  177-178°). 

Anal.  Calcd  for  C,5H„Br03:  C,  56.45;  H,  3.47;  Br,  25.04. 
Found:  C,  56.66;  H,  3.63;  Br,  24.95. 

When  0.6  molar  equiv  of  n-butyllithium  was  used,  the  yield  of  3 
was  49%;  9%  of  1 was  recovered;  with  1 molar  equiv  of  n-butylli- 
thium the  yield  of  3 was  57%. 

4-(p-Bromobenzoyl (benzoic  acid  (4,  96%  yield,  mp  274°  from 
chloroform-methanol)  was  obtained  from  3 by  alkaline  hydroly- 
sis. 

Anal.  Calcd  for  CnHgBr03:  C,  55.10;  H,  2.97;  Br,  26.19.  Found: 
C,  54.77;  H,  3.28;  Br,  26.29. 

Methyl  3-(m-bromobenzoyl)bcnzoate  (6,  64%  yield,  mp  98-99° 
from  methanol)  was  obtained  from  methyl  m-bromobenzoate  (5) 
as  described  above  for  3. 

Anal.  Calcd  for  C,5HnBr03:  C,  56.45;  H,  3.47;  Br,  25.04. 
Found:  C,  56.22;  H,  3.67;  Br,  25.21. 

3- (m-Bromobcnzo.vl)benzoic  acid  (7,  94%  yield,  mp  231-232° 
from  chloroform-methanol)  was  obtained  from  6 by  alkaline  hy- 
drolysis. 

Anal.  Calcd  for  CnH,9Br03:  C,  55.10;  H,  2.97;  Br,  26.19. 
Found:  C,  54.93;  H,  3.07;  Br,  26.34. 

Methyl  o-Bcnzoylbcnzoate  (10).  Reaction  of  methyl  o-bromo- 
benzoate  with  n-butyllithium  (0.75-1.0  molar  equiv)  was  carried 
out  as  described  above  for  3 to  give  a yellow  oil  which  showed  one 
major  and  two  minor  components  by  tic  (silica  gel,  petroleum 
ether3-diethyl  ether  (80:20)].  The  product  was  chromatographed 
on  silica  gel  to  give  0.264  g (88%  yield)  of  10  as  a light  yellow  oil 
(lit.4  mp  52°)  which  showed  no  impurities  by  nmr.  Hydrolysis  of 
the  ester  with  aqueous  sodium  hydroxide  gave  quantitative  con- 
version too-benzoylbenzoic  acid  (mp  and  mmp5  128-129°). 

Crossover  Experiments.  3-(m-Bromobenzoyl)benzoic  Acid 
(7).  In  a typical  experiment  m-bromobenzoic  acid  (2.5  g,  0.0125 
mol)  was  converted  to  the  corresponding  dianion  with  n-butylli- 
thium  (0.25  mol)  as  previously  described.1  The  temperature  was 
allowed  to  warm  to  —75°  for  2 hr  and  a solution  of  methyl  m-bro- 
mobenzoate  (2.7  g,  0.0125  mol)  in  dry  tetrahvdrofuran  (10  ml)  was 
added  sufficiently  slowly  to  maintain  the  mixture  at  -75  to  -70°. 
The  resulting  mixture  was  stirred  for  2 hr  at  -75°  then  allowed  to 
warm  to  —20°  and  poured  into  5%  aqueous  hydrochloric  acid  (100 
ml);  the  resulting  mixture  was  extracted  with  ether  (400  ml  total) 
which  was  in  turn  washed  with  water  (50  ml).  Acidic  products 
were  removed  from  the  ether  extract  by  extraction  with  10% 
aqueous  sodium  hydroxide  (50  ml)  and  the  acids  were  regenerated 
(dilute  hydrochloric  acidl  and  collected  by  filtration.  The  crude 
acids  (3.5  g,  mp  205-220°)  was  recrystallized  from  chlorotorm- 
methanol  to  give  3-(m-bromobenzoyl)benzoic  acid  (617c  yield,  mp 
and  mmp  232°). 

m-Bcnzoylbcnzoic  acid  [12,  617c  pure,  mp  and  mmp  161-162° 
by  chromatography  (preparative  tic.  silica  gel  using  petroleum 
ether3  as  eluent,  lit.0  mp  161-162°)]  was  obtained  from  ni-bromo- 
benzoic  acid  and  methyl  benzoate 

4- (p-Bromobenzoyl)bon/.oic  acid  (4,  647c  yield,  mp  and  mmp 
of  product  obtained  from  methyl  p-bromobenzoate  was  274°)  was 
obtained  from  p-bromobenzoir  acid  nnd  methyl  p-bromobenzoate. 

p-Benzoylbenzoic  acid  [13,  647c  yield,  mp  198-201°,  by  chroma- 
tography on  silica  gel,  petroleum  ether3  diethyl  ether  (80:20)  as 
eluent,  lit.7  mp  197  200°)  was  prepared  from  p-bromobenzoic  acid 
and  methyl  benzoate. 

2-(p-Bromobcnzoyl)bcnzoic  acid  (14,  52%  yield,  mp  170  172° 
from  chloroform -petroleum  ether,3  lit."  mp  172-173°)  was  pre- 
pared from  o-bromohenzoic  acid  and  methyl  p-bromohenzoate. 
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o-Rcnzoylbcnzoic  acid  (75%  yield,  mp  127-129°  from  benzene- 
petroleum  ether,3  lit.5  mp  128-129°)  was  prepared  from  o-bromo- 
benzoic  acid  and  methyl  benzoate. 

2-(o-Methylbenzoyl)benzoic  Acid  (16)  and  the  Acid  23.  A. 
The  acidic  product  obtained  as  described  for  7 by  reaction  of 
methyl  o-toluate  with  the  dianion  prepared  from  o-hromobenzoic 
acid  was  chromatographed  on  silica  gel  | preparative  tic,  petrole- 
um ether3-diethyl  ether  (70:30)  as  eluent]  to  give  2-(o-methylben- 
zoyDbenzoic  acid  (16),  59%  yield,  mp  107 -109°  9 from  benzene- 
petroleum  ether.3  No  appreciable  amount  of  23  was  isolated. 

Anal  Calcd  for  C15H12O3:  C.  74.99;  H,  5.03;  neut  equiv,  240.02. 
Found:  C,  75.03;  H,  5.25;  ncut  equiv,  238. 

B.  When  o-toluoyl  chloride  was  used  instead  of  methyl  o-to- 
luate  and  the  acidic  product  was  chromatographed  as  in  A the 
yield  of  16  was  41%  and  the  acid  23  was  obtained  in  19%  yield, 
mp  240-242°  from  ethanol-water. 

Anal.  Calcd  for  C,  76.73;  H,  4.68;  neut  equiv,  344.3. 

Found:  C,  76.58;  H,  4.89;  neut  equiv,  345. 

2-(o-Bromobenzoyl)ben/oic  Acid  (17)  and  the  Acid  18.  A.  The 
acidic  product  obtained  as  described  for  7 by  reaction  of  methyl 
o-bromobenzoate  (2.77  g.  0.125  mol)  with  the  dianion  prepared 
from  o-bromobenzoic  acid  was  recrystallized  from  methanol-chlo- 
rolorm  to  give  18  as  a white  solid.  29%>  yield,  mp  284-286°. 

Anal.  Calcd  for  C2iHi3Br04:  C,  61.63;  H.  13.20;  Br.  19.45;  neut 
equiv.  409.2.  Found:  C,  61.43;  H.  3.67;  Br,  19.16;  neut  equiv  408. 

The  mother  liquor  obtained  above  was  chromatographed  on  sil- 
ica gel  {preparative  tic,  petroleum  ether3-diethyl  ether  (60:40)  as 
eluent)  to  give  2-(o-broinobenzoyl)benzoic  acid  (17),  457c,  mp  134° 
from  chloroform -petroleum  ether.3 

Anal.  Calcd  for  CullnBrO.!:  C,  55.10;  H,  2.97;  Br,  26.19;  neut 
equiv,  305.1.  Found  C,  54.89;  H,  2.91;  Br,  26. 00;  neut  equiv,  304. 

B.  When  o-bromobenz.oyl  chloride  was  used  instead  of  methyl 
o-bromobenzoate,  the  yield  of  18  was  27-307o  and  the  yield  of  17 


was  40  447o  (multiple  runs  including  addition  of  the  dianion  at 
—75°  to  the  acid  chloride  solution  in  hexane  at  room  temperature, 
1. e. , reversed  addition). 

Acknowledgment.  The  authors  would  like  to  express 
their  appreciation  to  the  U.  S.  Army  Research  Office 
through  Grant  DAHC04  74  GD128  for  partial  support  of 
this  work. 

Registry  No.— 1,  619-42-1;  3,  51310-29-3;  4,  51310-30  6;  5,  618- 
89-3;  6.  51310-31-7;  7,  51310-32-8;  10.  606-28-0;  16,  5469-51-2;  17, 
51310-33-9;  18,  5130-34-0;  23,  51310-35-1;  n-butyllithium,  109-72-8; 
methyl  o-bromobenzoate,  610-94-6;  m-bromobenzoic  acid,  585-76- 
2;  methyl  benzoate,  93-58-3;  p-bromobenzoic  acid,  586-76-5;  o- 
bromobenzoic  acid,  88-65-3;  methyl  o-toluate,  1 18-90-1 ; o-toluoyl 
chloride,  933-88-0;  o-bromobenzoyl  chloride,  7154-66-7. 

References  and  Notes 

(t)  W E.  Parham  and  Y.  A Sayed.  J Org.  Chem  . 39.  2051  (1974). 

(2)  Cf.  E Barnett.  Anthracene  and  Anthraquinones."  Baillier6,  Tindall 
and  Cox.  London.  1921. 

(3)  Boiling  point  30-60°. 

(4)  I.  M.  Heilbron,  "Dictionary  of  Organic  Compounds."  Vol.  1.  4th  ed, 
Oxford  University  Press.  London.  1953.  p 357. 

(5)  C.  R Rubidge  and  N C.  Qua.  J.  Amer  Chem  Soc..  36,  732. 
(1914). 

(6)  S.  Senff.  Justus  Liebigs  Ann.  Chem..  220,  252  (1883). 

(7)  E.  Wertheim.  J.  Amer.  Chem.  Soc.,  55,  2541  (1933). 

(8)  C.  F.  H.  Allen  and  J.  W.  Gates.  Jr..  J.  Amer.  Chem  Soc..  65,  422 
(1943). 

(9)  M.  S.  Newman  and  C D.  McCleary.  J.  Amer.  Chem.  Soc..  63.  1537 
(1941),  reported  a melting  point  of  130-132°  after  standing  for  sev- 
eral months;  however,  the  initial  melting  point  of  the  acid  was 
113.8-115°. 


(Reprinted  from  the  Journal  of  Organic  Chemistry,  40,  2394  ( 1975).) 

Copyright  1975  by  the  American  Chemical  Society  and  reprinted  by  permission  of  the  copyright  owner. 


Selective  Lithiation  of  Bromoarylalkanoic  Acids  and  Amides  at  Low 
Temperature.  Preparation  of  Substituted  Arylalkanoic  Acids  and 

Indanones1 


William  E.  Parham,"  Lawrence  D.  Jones,  and  Yousry  Sayed 
Paul  M.  Gross  Chemical  Laboratory,  Duke  University,  Durham,  North  Carolina  27706 
Received  December  5,  1974 


Studies  of  p-bromophenylpropanoic  acid  suggest  that  p-,  and  presumably  m-,  bromoarylalkanoic  acids  can  be 
conveniently  elaborated  by  selective  halogen-metal  exchange  with  n-butyllithium  at  —100°  followed  by  reaction 
with  E+.  Metal-halogen  exchange  is  also  selective  for  ortho-substituted  acids;  however,  o-bromoarylpropanoic 
acids  lead  directly  to  indanones  in  high  yield.  Amide  anions  have  been  shown  to  be  less  reactive  toward  organo- 
lithium  derivatives  than  carboxylate;  consequently,  by  masking  the  carboxylic  acid  group  by  conversion  to  the 
amide  anion,  indanone  formation  can  be  obviated  and  elaboration  of  o-bromophcnyipropanoic  acid  can  be 
achieved.  o-Bromophenylacetic  acid  (3)  reacts  with  n-butyllithium  at  -100  or  at  —78°  to  give  the  dilithio  deriva- 
tive 21  and  the  trilithio  derivative  23.  The  trilithio  derivative  undergoes  anion  decay,  with  time,  by  reaction  with 
solvent,  to  give  21;  consequently,  by  control  of  conditions,  products  can  be  obtained  selectively  from  either  21  or 
23.  Similar  results  were  obtained  with  p-bromophenylacetic  acid  (4);  however,  in  contrast  to  the  results  obtained 
with  3,  alkylation  of  intermediate  anions  with  n-butyl  bromide,  formed  during  metal  interchange,  occurs  which 
detracts  from  synthetic  applications  in  the  latter  case. 


Although  Grignard  (or  lithium)  reagents  of  aryl  halides 
are  useful  intermediates  for  formation  of  aryl-carbon 
bonds,  utilization  of  such  derivatives  has  been  of  limited 
value  for  aromatic  nuclei  containing  sensitive  electron- 
withdrawing  groups.  Meyers  and  Temple2  have  obviated 
problems  associated  with  aromatic  carboxylic  acids  by  dis- 
guising the  carboxylic  function  as  the  corresponding  oxazo- 
line  derivative.  Recently  we  have  shown:,"'b  that  the  lithium 
salt  of  aryl  carboxylic  acid  function  provides  adequate  pro- 
tection of  the  carboxylic  acid  group  at  —100°  to  lithium  re- 
agents, and  that  high  yields  of  elaborated  arylcarboxylic 
acids  can  be  obtained  directly  from  o-,  m-,  and  p-bromo- 
benzoic  acids. 

We  have  now  examined  the  reaction  of  acids  1-4  with  n- 
butyllithium  at  -100°  as  part  of  a program  designed  to  test 


the  generality  of  the  above  method  for  the  elaboration  of 
alkanoic  acids.  Acid  1 was  selected  as  a model  for  the  be- 


havior expected  for  a broad  series  of  para-  and  meta-sub- 
stituted  bromoarylalkanoic  acids.  Limitations  for  utiliza- 
tion of  bromoarylalkanoic  acids  were  anticipated  where  fa- 
vorable entropy  relationships  might  result  in  intramolecu- 
lar reaction  of  derived  aryllithium  reagents  with  carboxyl- 
ate functions  (as  in  2),  and  in  phenylacetic  acids  (3  and  4) 
where  the  methylene  group  « to  the  carboxylate  function  is 
more  acidic.  In  all  cases,  progress  of  metal-halogen  ex- 
change was  followed  by  quenching  aliquots4  with  dilute 
acid  and  determining  the  ratio  (by  NMR)  of  recovered 
bromo  acid  to  acid  derived  by  replacing  bromine  with  hy- 
drogen. 

A.  /)-(p-Bromophcnyl)propanoic  Acid  (1).  Two  equiv- 
alents of  n-butyllithium  was  added  rapidly  to  a solution  of 
1 in  THF-hexane  at  —100°  at  such  a rate  that  the  tempera- 
ture did  not  exceed  —90°.  Examination  of  an  aliquot 
showed  that  halogen-lithium  exchange  was  ~80%  after  30 
min  and  the  ratio  did  not  change  appreciably  after  an  addi- 
tional 90  min  at  -100°.  Additional  f.-butyllithium  (up  to 
0.4  to  1 equiv)  increased  the  degree  of  exchange  only  slight- 
ly (ratio  of  1:6  was  ~85%);  however,  with  excess  n-butylli- 
thium and  time,  small  quantities  of  butylated  products 
were  detected  (NMR)  in  the  neutral  component  of  the  ali- 
quots. In  subsequent  experiments  2.2  equiv  of  n-butyllith- 
ium was  employed  and  the  mixture  was  stirred  at  —100° 
for  45  min  prior  to  quenching.  In  one  experiment  (see 
Scheme  I)  the  mixture  was  quenched  with  water;  the  yield 
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Scheme  I 
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of  6,  isolated  pure  by  distillation,  was  86%.  The  residual 
acidic  product  was  a mixture  of  1,  6,  and  a trace  of  butylat- 
ed  acid.5  In  another  experiment  5 was  quenched  with  cyclo- 
hexanone;8 the  yield  of  nearly  pure  7 was  67%  (59%  pure). 
In  no  case  was  there  any  evidence  that  5 self-condensed  at 
— lOO".  It  was  concluded,  therefore,  that,  except  for  the 
limitations  described  in  B and  C (below),  the  procedure  de- 
scribed should  prove  to  be  a useful  one  for  the  elaboration 
of  m-  and  p-arylalkanoic  acids. 

U.  /}-(o-Bromophcnyl)propanoic  Acid  (2).  This  acid 
was  chosen  for  study  since  it  was  anticipated  that  favorable 
entropy  considerations  may  lead  to  self-condensation  of  8, 
leading  to  indanone  (9). 


Scheme  II 


— 100°  for  3 hr;  the  yield  of  indanone, 8 isolated  pure  by  dis- 
tillation, was  76%.  While  this  observation  defines  a limita- 
tion to  the  general  elaboration  of  bromoarylalkanoic  acids 
suggested  in  A (above),  this  new  synthesis  should  be  of 
value  for  the  preparation  of  indanones  not  easilv  available 
by  more  conventional  routes.7  In  a similar  experiment, 
reaction  of  10  (Scheme  11)  with  2 equiv  of  n-butyllithium 
afforded  a good  yield  of  12  (66%).  Significantly,  reaction  of 
10  with  3 equiv  of  n-butyilithium  leads  to  2-benzylinda- 
none  (72%  yield).8 

Amide  ions  were  found  to  be  less  reactive  than  carboxyl- 
ate  ions  toward  organolithium  reagents;  consequently,  cy- 
clization of  o-bromoarylpropanoic  acids  to  indanones  can 
be  obviated  by  utilizing  certain  amides  derived  from  the 
acid  (Scheme  III).  Reaction  of  the  dialkylamide  13  with  1 

Scheme  III 
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Reaction  of  2 with  n-butyllithium  was  indeed  selective  at 
-100°  in  that  halogen-metal  exchange  occurred  without 
proton  abstraction  from  the  methylene  group  or  without 
addition  of  n-butyllithium  to  carboxylate;  however,  as  an- 
ticipated, cyclization  occurred  at  —100°  to  give  indanone. 
Studies  of  aliquots4  showed  that  cyclization  was  apprecia- 
ble after  60  min  at  -100°.  The  mixture  was  stirred  at 


equiv  of  n-butyllithium  at  -100°  leads  directly  to  indan- 
one (61%  yield  by  isolation).  By  contrast,  reaction  of  the 
unsubstituted  amide  14  with  2 equiv  of  n-butyllithium 
leads  to  the  dilithio  derivative  15,  which  does  not  cyclize  at 
— 100°.  Reaction  with  acid  gave  16  in  81%  yield  (isolated); 
amide  17  was  isolated  pure  in  40%  yield  when  15  was 
quenched  with  cyclohexanone.  Use  of  such  amides  appears 
attractive  as  masking  agents  of  carboxyl  functions  in  such 
reactions. 

C.  o-Bromophcnylacctic  Acid  (3).  Halogen- metal  in- 
terchange in  o-bromophenylacetic  acid  is  more  complex 
owing  to  trianion  formation  (23)  and  incomplete  halogen- 
metal  exchange;  however,  by  utilizing  “anion  decay”  (see 
below),  reasonable  yields  of  elaborated  products  (24)  can 
be  obtained.  Results  of  these  studies,  which  are  summa- 
rized in  Scheme  IV,  have  led  us  to  the  following  conclusions 
and  comments. 
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1.  Metalation  of  the  rapidly  formed  salt  18  with  the  sec-  o-bromophenylacetic  and  3 equiv  of  n-butyllithium  was 

ond  equivalent  of  n-butyllithium  was  slow  at  — 100OJ‘‘  and  stirred  at  —100°  for  5 hr,  to  permit  decay  of  23  to  21,  prior 

leads  to  the  dilithio  derivative  21  and  presumably  to  the  to  addition  of  excess  cyclohexanone.  The  only  other  acids 

trilithio  derivative  23.  Whether  19  is  formed  at  all,  or  formed  in  this  reaction  were  o-bromophenylacetie  acid  and 

whether  it  was  unreactive  owing  to  solubility  or  steric  rea-  phenylacetic  acid  (ratio  40:60). 

sons,  was  not  determined;  however,  no  products  derived  5.  The  trilithio  derivative  23  reacts  with  cyclohexanone 

from  19,  other  than  recovered  3,  were  obtained  in  subse-  to  give  hydroxy  acid  27;  in  no  case  was  hydroxy  acid  25  de- 

quent  reactions.  Examination  of  aliquots  which  were  tected.  The  anion  23  rapidly  decays  to  21  and  after  4-5  hr 

quenched  with  dilute  acid  showed  no  change  in  degree  of  at  —75  to  —100°  is  completely  converted  to  21.  Thus,  if  cy- 

metalation  (ratio  of  o-bromophenylncetic  acid  to  phenyl-  clohexanone  is  added  only  1 hr  after  addition  of  the  third 

acetic  acid  36:64)  after  4 hr.4b  equivalent  of  n-butyllithium  to  the  reaction  mixture  ob- 

2.  The  salt  19,  if  formed,  does  not  undergo  appreciable  tained  from  3 and  2 equiv  of  n-butyllithium  (7  hr,  —100°), 

further  metalation.  Addition  of  a third  equivalent  of  n-  23  is  present.  Under  these  conditions  hydroxy  acid  27  is 

butyllithium  changed  the  above  ratio  to  30:70;  however,  formed  which  was  isolated  in  39%  yield;  lactone  24  was  iso- 

further  addition  of  n-butyllithium  (up  to  6 equiv)  caused  lated  in  24%  yield.  If  this  solution  is  aged  prior  to  addition 

no  appreciable  further  change  in  this  ratio,  and  in  the  of  cyclohexanone  (see  4,  above),  no  hydroxy  acid  27  is  pro- 
amount of  o-bromophenylacetic  acid  recovered.  duced.  The  lifetime  of  23  was  examined  (in  separate  experi- 

3.  The  dilithio  derivative  21  does  react  with  n-butyllith-  ments)  by  adding  cyclohexanone  after  different  time  inter- 

ium  to  give  the  trilithio  derivative  23;  however,  2.3  is  unsta-  vats  following  the  addition  of  the  third  equivalent  of  n- 

ble  at  —100°  and  reacts  with  solvent  to  regenerate  21.  butyllithium.  The  maximum  yield  of  27  (54%,  77%  based  on 

Thus,  addition  of  additional  n-butyllithium  has  little  effect  converted  3)  was  obtained  by  adding  excess  cyclohexanone 

on  the  ultimate  composition  of  the  mixture;  23  is  formed  to  an  aged  mixture  (14  hr)  prepared  from  3 and  3 equiv  of 

from  21,  which  decays  back  to  21,  and  this  process  is  re-  n-butyllithium  15  min  after  addition  of  a fourth  equivalent 

pealed  by  addition  of  additional  n-butyllithium.  of  n-butyllithium;  10%  yield  of  lnctone  24  was  also  isolated 

4.  The  dilithio  derivative  21  reacts  with  cyclohexanone  in  this  case.  Fnilure  to  isolate  the  disubstituted  product  25 

by  addition  to  give,  subsequent  to  acidification,  lactone  24,  from  the  trilithio  derivative  is  interpreted  to  mean  that  ei- 

and  undoubtedly  some  phenylacetic  acid  by  enolate  forma-  ther  (1)  reaction  with  ketone  occurred  preferentially  at  the 

tion  with  the  ketone.  Maximum  yield  of  lactone  24  (42%,  onion  adjacent  to  carboxylate,  and  that  the  derived  arylli- 

60%  based  on  converted  3)  was  obtained  when  a mixture  of  thium  intermediate  26  does  not  react  further  with  cyclo- 
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hexanone  for  steric  reasons,  or  (2)  that  the  aryllithium  in 
2*.i  is  lost  and  converted  to  the  salt  of  27  by  reaction  with 
solvent.  It  is  of  interest  to  note  that  the  corresponding  tri- 
lithio  derivative  30  derived  from  the  para  isomer  reacts 
with  cyclohexanone  at  both  carbon  anionic  centers. 

1).  Loss  of  trilithio  derivative  23  is  a function  of  concen- 
tration and  temperature.  Reaction  of  3 under  identical  con- 
ditions describerl  in  5 (above),  but  at  one-fourth  the  molar 
concentration  (i.e.,  more  concentrated  in  solvent  tetrahy- 
drofuran),  led  to  greater  loss  of  23.  The  yield  of  27  de- 
creased from  39%  to  26%  while  the  yield  of  lactone  derived 
from  24  increased  from  24%  to  30%  (by  isolation).  Further- 
more, addition  of  cyclohexanone  to  a mixture  prepared 
from  3 (2  equiv  of  n-butyllithium)  3 hr  after  adding  the 
third  molar  equivalent  of  n-butyllithium  at  —100°  led  to  a 
13%  yield  of  27,  but  to  no  27  when  the  extra  3 hr  of  aging 
was  at  —75°. 

7.  An  alternate  pathway  for  the  formation  of  27  as 
shown  in  Scheme  V is  rejected.  If  this  process  was  of  signif- 

Schemc  V 


Li 


21 


icance,  then  aging  prior  to  addition  of  cyclohexanone 
should  result  in  an  increase  in  yield  of  27,  which  is  in  com- 
plete contradiction  to  the  results  observed. 

Studies  of  metalation  of  p-bromophenylacetic  acid  (4) 
gave  sindlar  results  and  provided  more  conclusive  evidence 
for  formation  of  products  derived  from  the  trilithio  deriva- 
tive 30  (Scheme  VI);  however,  the  reaction  products  were 
more  complex  than  those  obtained  from  3.  The  following 
observations  were  made. 

1.  The  degree  of  halogen-lithium  interchange  was  40% 
with  2 equiv  of  n-butyllithium  after  2 hr  and  this  value  was 


unchanged  after  an  additional  4 hr.4c  The  degree  of  halo- 
gen-lithium interchange  decreased  in  more  concentrated 
solutions.  Thus,  under  similar  conditions  but  at  four  times 
the  molar  concentration  of  4 in  solvent,  the  degree  of  halo- 
gen -lithium  interchange  was  only  20%.  This  decrease  is  at- 
tributed to  insolubility  of  the  .carboxylate  salt  of  4.  The 
maximum  degree  of  halogen-lithium  interchange  (00%) 
was  achieved  by  addition  of  3 equiv  of  n-butyllithium  to  4 
and  stirring  the  resulting  mixture  (~I7  hr).  The  solution 
was  a mixture  containing  28  and  30.  The  degree  of  halogen- 
lithium  interchange  was  unchanged  by  addition  of  a fourth 
equivalent  of  n-butyllithium. 

2.  The  trilithio  derivative  30,  like  the  analogous  salt  23, 
decays  to  dilithio  derivative  28  with  time  by  reaction  with 
solvent.  Thus,  addition  of  a fourth  equivalent  of  n-butylli- 
thium to  a mixture  prepared  from  4 and  3 equiv  of  n-butyl- 
lithium gave  a mixture  rich  in  30  relative  to  28.  When  ex- 
cess cyclohexanone  was  added  15  min  after  addition  of  the 
fourth  equivalent  of  u-butyiiithium,  the  product  mixture 
contained  little  299  which  would  be  derived  from  the  di- 
lithium derivative  28.  The  acidic  products  were  separated 
by  preparative  plate  chromatography.  The  principal  prod- 
ucts were  (a)  an  oil  (~25%  crude  yield),  the  NMR  spectrum 
of  which  was  consistent  with  31a  (this  product  could  not  be 
induced  to  crystallize  and  was  not  characterized  by  compo- 
sition analysis),10  and  (b)  alcohol  32a  (~25%  crude  yield) 
which  was  obtained  pure. 

In  contrast,  when  the  above  solution  was  aged  for  12  hr 
at  —75°,  there  was  considerable  loss  of  trilithio  derivative 
30  to  dilithio  derivative  28.  In  this  case,  addition  of  excess 
cyclohexanone  led  to  a significant  quantity  (~33%  crude 
yield)  of  29b.  Chromatography  of  the  mixed  acids  gave,  in 
addition  to  29b,  products  derived  from  the  trilithio  deriva- 
tive 30  but  in  reduced  yields:  (a)  diol  31b  (~16%  yield) 
which  was  obtained  pure,  and  (b)  a mixture  (by  NMR  spec- 
tral analysis)  of  32a  and  32b  (~16%  total  yield)  which  was 
not  resolved. 

3.  Alkylations  of  lithium  derivatives  derived  from  4 by 
n- butyl  bromide  formed  during  halogen-lithium  exchange, 
to  give  products  of  type  31,  detract  from  the  synthetic  utili- 
ty of  such  syntheses  with  p-bromophenylacetic  acid,  an  ob- 
servation in  sharp  contrast  to  that  observed  with  o-bromo- 
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phenylacetic  acid.  We  currently  believe,  but  have  not  es- 
tablished, that  alkylation  at  -100°  occurs  only  with  the 
very  reactive  trianion  30,  a process  which  is  sterically  in- 
hibited with  the  ortho  isomer  23;  consequently,  we  believe 
that  significant  amounts  of  alkylation  at  —100°  will  be  en- 
countered only  in  the  phenylacetic  acid  series  (meta  or 
para). 

While  some  exceptions  have  been  defined,  notably  p- 
bromophenylacetic  acid,  the  procedures  described  in  A-C 
(above)  offer  useful  routes  for  the  elaboration  of  a seeming- 
ly broad  variety  of  types  of  bromoalkanoic  acids. 

Experimental  Section 

A.  Conversion  of  /9-(p>Rromophenyl)propanoic  Acid  (1)  to 
Phenylacetic  Acid.  $-(p- BromophenyDpropanoic  arid11®  (2.29  g, 
0.01  mol),  mp  137-138°  (lit. 1 1 h mp  136°),  tetrahydrofuran  t~12 5 
ml,  freshly  distilled  over  lithium  aluminum  hydride),  and  dry  hex- 
ane13 (25  ml)  were  introduced,  under  nitrogen,  into  a three-neck 
flask  equipped  with  a low-temperature  thermometer,  addition  fun- 
nel, and  nitrogen  inlet  tube.  The  reaction  mixture  was  cooled  to 
— 100°  (liquid  nitrogen  diethyl  ether  hath)  and  rt- butyllithium 
(9.2  ml,  0.022  mol,  2.4  A t solution)  was  added  rapidly  (the  rate  of 
addition  was  adjusted  such  that  t lie  temperature  did  not  exceed 
—90°).  The  reaction  mixture  u s stirred  at  -100°  for  45  min  and 
poured  into  dilute  aqueous  hydrochloric  acid  (~50  ml).  The  organ- 
ic layer  was  separated  and  .he  aqueous  layer  was  extracted  with 
four  100-ml  portions  of  ether.  The  ether  extracts  were  combined 
and  extracted  with  two  50-ml  portions  of  10%  aqueous  sodium  hy- 
droxide. The  aqueous  basic  extracts  were  combined,  cooled,  and 
added  to  cold  dilute  aqueous  hydrochloric  acid;  the  resulting  mix- 
ture was  extracted  with  four  100  mi  portions  of  ether.  The  ether 
extracts  were  combined,  dried  (MgS04,,  and  concentrated  (rotary 
evaporation)  to  afford  1 .55  g of  light  yellow  semisolid.  'Phis  materi- 
al was  distilled  to  give  1.29  g (86%  yield,  nip12  and  mmp  45-46°)  of 
pure  phenylacetic  acid  Ifi).  The  residue  (0.26  g)  was  shown  (NMR) 
to  be  a mixture  of  1,  f>,  and  a small  amount  of  butyluted  acid  (posi- 
tion of  butyl  group  undetermined). 

B.  Preparation  of  /?-(p-l -C'yclohexenylphenyl)propanoic 

Acid  (7).  Reaction  of  1 (0.02  mo!)  in  a mixture  of  THF  (250  ml)- 
hexane13  (50  ml)  with  n- butyllithium  (0.044  mol)  was  carried  out 
as  in  A Cyclohexanone  (0.10  mol)  in  dry  hexane13  (10  ml)  was 
added;  the  mixture  was  warmed  to  25°  and  poured  into  dilute  hy- 
drochloric acid  (250  ml).  The  organic  layer  was  extracted  (four 
150-nil  portions)  with  ether.  The  acid,  obtained  by  extraction  of 
the  ether  extract  with  alkali,  weighed  3.9  g (white  solid,  mp  105- 
112°).  This  material  was  sublimed  (80°  (0.01  Torr),  24  hr]  to  re- 
move unchanged  I (0.49  g,  mp"  and  mmp  133-135°);  the  residue 
(3.1  g,  67%  yield,  mp  114-117°)  was  nearly  pure  7.  Pure  7 (2.7  g, 
59%  yield  from  petroleum  ether1 ,5n-chloroform)  had  mp  117-118°; 
NMR  (CDCl.J  b 1.72  (m,  4,  aliphalic  CH2),  2.28  (m,  4,  allylic  CH2), 
2.72  (m,  2,  CH  .Ar),  3.00  (m,  2.  CH2COOH),  6.23  (m,  1,  vinyl  H), 
7.40  (m,  4,  aromatic  H ),  1.0  (broad  s,  1 , OH). 

Anal.  Calcd  for  C)f,H,H02:  C.  78.23;  H,  7.88.  Found:  C,  78.32;  H, 

7.80. 

The  residue  (0.55  g)  from  the  recrystallization  of  7 was  a mixture 
of  phenylpropanoic  acid  (0.4  g.  13%)  and  unchanged  I. 

C.  Indanonos.  1.  From  0-(/>-Bromophcny))prnpanoic  acid15 
(2).  Reaction  of  2 [0.01  mol,  mp  99-101°  (lit.17  mp  98°)]  in  THF 
(125  ml)-  hexane13  (25  ml)  with  n-hutyllithium  (0.02  mol)  was  car- 
ried out  as  in  A;  the  reaction  mixture  was  stirred  for  3 hr  at  —100°. 
From  the  neutral  component  of  the  reaction  product  there  was  ob- 
tained 1.0  g |7C>%  yield;  bp  60-65°  (0.2-0.15  Torr);  nip  and  mmp,G" 
42°;  mp  of  2,4  dinitrophenylhydrazone  256-257°  (lit.101’  nip  258°)] 
of  pure  indanone  (9). 

The  reaction  was  repeated  at  —78°;  examination  of  aliquots 
showed  that  the  reaction  was  faster  and  complete  after  only  30 
min.  The  yield  of  isolated  indanone  was  77%. 

2.  From  3-o-Bromodiisopropylamidc  (13).  Amide  13  [0.01 
mol,  bp  130  140°  (0.02  0.0 1 Torr);  96%  yield  from  3-o-broino- 
phenylpropnnoyl  chloride17  and  diisopropylamine  in  ether]  in 
THF  (125  ml)  hexane13  (25  ml)  was  allowed  to  react  with  n- butyl- 
lithium  (0.01  mol)  as  in  A.  Examination  of  aliquots4  by  NMR 
showed  that  after  1 hr  at  —100°  the  reaction  product  was  indanone 
contaminated  with  a small  amount  of  butylated  material.  The  mix- 
ture was  quenched  with  water  and  the  dried  material  obtained 
from  the  ether  extract  was  distilled  to  give  0.8  g (61%  yield)  of  pure 
indanone. 


3.  2-(o-Bromobenzyl)-l-indanone  (12).  The  starting  acid  10 
(mp  152-153°)  was  prepared  in  high  yield  from  crude  diethyl  di(o- 
hromophenybmahmate  (by  hydrolysis  and  decarboxylation  of  the 
derived  malonic  acid)  obtained  as  a by-product  in  the  synthesis  of 
2 from  o-bromohonzyl  bromide  and  diethyl  malonate. 

Anal.  Calcd  for  Ci6HuRr202:  C,  48.27;  H,  3.54;  Br,  40.15;  neut 
equiv,  398.  Found:  C,  48.03;  H,  3.67;  Br,  39.94;  neut  equiv,  396. 

Reaction  of  10  (0.02  mol)  with  n- butyllithium  (2  equiv)  in  7'HF 
(300  ml)  and  hexane13  (50  ml)  was  carried  out  as  in  C-l  and  gave 
4.1  g (66%  yield)  of  pure  2-(o-bromobenzyl)- 1 -indanone  (12),  bp 
165-170°  (0.05  -0.04  Torr). 

Anal.  Calcd  for  CieHnBrO:  C,  63.80;  H,  4.35;  Br,  26.54.  Found: 
C,  63.96;  H,  4.28,  Br,  26.61. 

4.  2-Benzyl-l-indanonc.  Reaction  of  10  with  n-hutyllithium  (3 
equiv)  was  carried  out  as  described  in  C-3  above.  Distillation  of  the 
crude  product  gave  3.2  g (72%  yield)  of  pure  2-benzvl -1 -indanone, 
bp  135-140°  (0.03  Torr). 

Anal.  Calcd  for  C16H,40:  C,  86.45;  H,  6.35.  Found:  C,  87.70;  H, 
6.35. 

D.  Reactions  of  0-(o-Bromophcnvl)propionamidc  0*1).  1. 
Conversion  to  Phenylpropionamide.  Amide  141K  (0.01  mol)  was 
treated  with  n- butyllithium  (0.02  mol)  in  THF  (125  ml) -hexane13 
(25  ml)  as  described  in  A.  An  aliquot  (25  mi)  taken  after  30  min  at 

— 100°  W'as  quenched  with  water;  NMR  analysis  showed  only  3- 
phenylpropionamide.4d  The  mixture  was  quenched  with  water, 
and  the  crude  product  obtained  by  extraction  with  ether  was  re- 
crystallized from  water  to  give  1.22  g (81%  yield)  of  pure  3-phenyl- 
propionamide  (mp  and  mmp19  104-105°). 

2.  Conversion  to  o*(l-Hydroxycyclohexyl)-3-phcny!pro- 
pionamido  (17).  The  reaction  was  carried  out  as  in  I)-l  above,  and 
quenched  after  30  min  with  cyclohexanone  (0.04  mol)  in  dry  hex- 
ane13 (20  ml)  at  —100°.  The  crude  product  (5.5  g)  obtained  after 
addition  of  water  and  extraction  with  ether  and  containing  cyclo- 
hexanone was  recrystallized  from  petroleum  ether14®  to  give  2.1  g 
of  white  solid  w hich  was  a mixture  of  16  and  17.  This  material  was 
chromatographed  on  silica  gel  (200  g).  Elution  of  the  column  with 
petroleum  ether14®-  ether  (70:30)  gave  0.88  g (59%  yield)  of  3- phen- 
ylpropionamide; elution  with  petroleum  ether  14n-et her  (50:50) 
gave  1.1  g of  white  solid  which  was  recrystallized  from  chloroform- 
petroleum  ether  to  give  0.97  g (40%  yield)  of  pure  17  (mp  1 48— 
150°). 

Anal.  Calcd  for  C15H21NO2:  C,  72.84;  H,  8.56;  N,  5.66.  Found:  C, 
73.00;  H,  8.42;  N,  5.49. 

E.  Mctalation  of  o-Bromophcnylacetic  Acid  (3)  with  n- 
Butyllithium.  1.  Degree  of  Metal -Halogen  Exchange.  Reaction 
of  320  (0.025  mol)  with  n-butyllithium  (0.05  mol)  in  THF  (150  ml) 
and  hexane13  (30  ml)  was  carried  out  as  in  B.  Examination  of  an  al- 
iquot40 (10  ml)  taken  after  30  min  at  -100°  showed  that  the  degree 
of  halogen-  metal  exchange  (ratio  of  o-bromophenylacetic  acid  (3) 
to  phenylacetic  acid  (22)]  was  50:50.  The  ratio  of  3 to  22  was  40:60 
after  an  additional  1 hr;  after  an  additional  2.5  hr  the  ratio  was 
36:64  and  this  ratio  did  not  change  after  an  additional  2 hr  at 
-100°. 

A third  molar  equivalent  of  n-butyllithium  was  added  to  the 
reaction  mixture  at  —100°;  and  the  mixture  was  stirred  for  an  ad- 
ditional 1 hr  at  —100°.  Examination  of  an  aliquot  (10  ml)  showed 
that  the  ratio  of  3 to  22  was  30:70.  Additional  reaction  time  (at 
-100°)  and/or  further  addition  of  n-butyllithium  (up  to  a total  of 
6 molar  equiv)  caused  no  appreciable  change  in  the  above  ratio 
(30:70). 

Examination  of  aliquots  from  a similar  reaction  hut  at  —78°  (in- 
stead of  —100°)  showed  no  appreciable  change  in  t ht  progress  and/ 
or  degree  of  mctalation. 

Synthesis  of  Spirolactonc  24.  Mctalation  of  o-bromophenvla- 
cetic  acid21  (5.4  g,  0.025  mol)  was  effected  with  u- butyllithium 
(0.075  mol)  as  described  above.  The  mixture  was  aged  tor  5 hr  at 
—95  to  —100°  (ratio  of  o-bromophcnylacetic  acid  to  phenylacetic 
acid  30:70  by  NMR  spectral  analysis)40  and  cyclohexanone  (9.8  g. 
0.1  mol)  in  hexane  (20  nil)  was  added  to  the  mixture  maintained  at 

— 100°.  The  resulting  mixture  was  allowed  to  warm  to  room  tem- 
perature and  was  added  to  a mixture  of  ether  (200  ml)  and  aque- 
ous sodium  hydroxide  (200  ml,  5%).  The  two  layers  were  separated 
and  the  aqueous  layer  was  extracted  with  ether  (four  100-ml  por- 
tions). The  basic  layer  containing  the  salt  of  24  was  acidified  (hy- 
drochloric acid),  brought  to  hoi!,  cooled,  and  extracted  with  ether 
(400  ml).  The  ether  extract  was  cooled  (0-5°)  and  extracted  with 
cold  (0  5°)  aqueous  sodium  hydroxide  (UK)  ml,  3%).  'Die  ether 
layer  was  washed  with  cold  water  (50  nil),  dried  (MgS()4).  and  con- 
centrated to  give  nearly  pure  24  (2.3  g.  42%  yield,  mp  95-  105*';  2.1 
g,  39%  yield,  mp  105  106°  from  petroleum  ether141’). 
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Anal.  Calcd  for  ChH1602:  C,  77.75;  H,  7.46.  Found:  C,  77.96;  H, 
7.40. 

The  NMR  spectrum  of  the  acid  material  (2.2  g)  obtained  from 
the  alkaline  extract  showed  it  to  he  a mixture  of  o-bromophenyl- 
acetic  acid  (3)  and  phenylacetic  acid  (22)  in  the  ratio  40:60  (20  and 
33%  yield,  respectively). 

Preparation  of  Hydroxy  Acid  27.  The  reaction  was  conducted 
as  described  for  25  with  the  following  modifications.  The  mixture 
was  stirred  for  7 hr  alter  addition  of  2 equiv  of  ri-butyllithium,  but 
only  15  min  after  addition  of  the  third  equivalent  of  n-butyllith- 
ium  prior  to  addition  of  cyclohexanone.  The  yield  of  lactone  24 
(mp  and  mmp  105-106°)  was  109b. 

Concentration  of  the  dried  ether  extract  obtained  from  the  acid- 
ified alkaline  extract  gave  a mixture  of  27,  o-bromophenylacetic 
acid  (3),  and  phenylacetic  acid  (22).  Fractional  crystallization  of 
the  product  from  chloroform-petroleum  ether140  gave  2.92  g of 
pure  27  (54%  yield,  mp  1 14-146°). 

Anal.  Calcd  for  C14H18O3:  C,  71.77;  H,  7.74.  Found:  C,  71.95;  H, 

8.00. 

F.  Reactions  of  p-Bromophenylacctic  Acid  (4).  1.  Reaction 
of  p-bromophenylacetic  acid  (5.4  g,  0.025  mol)  was  carried  out  ex- 
actly as  described  for  3 except  the  temperature  was  — 78°4l‘  (Dry 
Ice-acetone  bath).  Progress  of  metalation  was  followed  as  for3.4c 

The  ratio  of  recovered  p-bromophenylacetic  acid  to  phenylacet- 
ic acid  was  60:40  after  2 hr  and  the  ratio  did  not  change  after  an 
additional  2-4  hr.  An  additional  molar  equivalent  of  n-butyllith- 
ium  was  added  and  the  mixture  was  stirred  at  —78°  for  17  hr.  An 
aliquot  showed  the  above  ratio  of  acids  to  be  40:60.  A fourth  equiv- 
alent of  n-butyllithium  was  added,  and  after  15  min  at  —78°  an  ex- 
cess of  cyclohexanone  (5  equiv)  dissolved  in  hexane  (35  ml)  was 
added  rapidly.  The  mixture  was  allowed  to  warm  to  room  tempera- 
ture and  was  then  partitioned  between  aqueous  sodium  hydroxide 
(100  ml,  10%)  and  ether  (100  ml).  Acidification  of  the  alkaline 
layer  (hydrochloric  acid)  gave  6.22  g of  acidic  product  as  a semiso- 
lid which  was  collected  by  ether. extraction.  Klution  of  the  mixed 
acids  (600  mg)  from  a preparative  silica  gel  plate  (fluorescent  indi- 
cator) with  a mixture  of  petroleum  ether14"  and  ether  (80:20)  gave 
two  major  fractions.  (I)  160  mg  (~2o%,  higher  /if)  of  an  oil.  The 
NMR  spectrum  (CDC’l.d  of  this  product  was  consonant  with  slight- 
ly impure  31a:  b 0.9  it,  3,  CH;<),  1.25-2.3  (in,  1,  aliphatic  H),  3.55 
(broad  t,  1,  benzylic  methine),  6.2  (m,  1,  vinyl  H),  7.4  (broad,  4,  ar- 
omatic H).  This  material  could  not  be  induced  to  crystallize  and 
was  not  purified.10  (2)  300  mg  (lower  !{,)  of  an  oil.  This  product 
was  rechromatographed  as  above,  to  give  one  major  fraction  (180 
mg,  ~25%  yield)  of  an  oil,  the  NMR  spectrum  (CDCla-DMSO-de) 
of  which  suggested  that  it  was  32a  [<3  0.9  2.0  (m,  16,  aliphatic  H), 
2.15-2.58  (m,  2,  aliylic  H)].  The  material  crystallized  from  chloro- 
form and  melted  at  193-200°  dec. 

Anal.  Calcd  for  C21,H2„0;{:  C,  76.40;  H,  8.34.  Found:  C,  76.17;  H, 
8.49. 

2.  The  reaction  was  cariied  out  as  above  except  that  the  mixtur 
was  aged  for  12  hr  prior  to  addition  of  excess  cyclohexanone.  Anal- 
ysis of  an  aliquot,  as  discussed  in  the  text,  showed  that  the  ratio  of 
acids  remained  constant  at  40:60.  A portion  (580  mg)  of  the  mixed 
acids  (5.8  g,  yellow  semisolid)  was  purified  by  preparative  plate 
chromatography  (as  in  F-l)  to  give  three  major  bands.  (1)  ISO  mg 
(~33%  yield)  of  an  oil  (higher  Rf),  the  NMR  spectrum  of  which  was 
consistent  with  alcohol  29b:  NMR  (CDCIa)  5 1.4  (broad  in,  10,  ali- 
phatic H),  3.6  (broad  s,  2,  benzylic  methylene),  7.4  (broad  m,  H,  ar- 
omatic H).  The  material  crystallized  from  chloroform,  mp  134- 
136°. 

Anal.  Calcd  for  CNHia0.i:  C,  71.77;  H,  7.74.  Found:  C,  72.00;  H, 

8.00. 

(2)  120  mg  (~16%  yield)  of  an  oil  (medium  /?/)  whose  NMR 
spectrum  was  consistent  with  31b:  NMR  (CDCl.i)  b 10  (1,  3, 
-CH;j),  1.6  (m,  16,  aliphatic  H),  3.7  (t,  1,  benzylic  methine),  6.8 
(broad  s,  1,  -OH),  7.6  (m,  4,  aromatic  H).  This  material  crystallized 
from  chloroform,  mp  1 10  1 14°. 

Anal.  Calcd  for  CjxlDr.O.j:  C,  74.44;  H,  9.03.  Found:  C,  74.6 0;  H, 

8.86. 

(3)  130  mg  (~16%  yield)  of  an  oil  (lower  R/)  which  was  not  re- 


solved; however,  the  NMR  spectrum  was  consistent  with  32b  con- 
taminated with  32a.  Compound  32a  was  characterized  in  the  pre- 
ceding experiment. 

t 
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in  the  earlier  procedure  involving  sodium  hydroxide  as  the 
base. 


anes  with  iodine  greatly  improves  the  yields  of  the  alkyl 
iodides. 


The  usually  sluggish  reactions  of  trialkylboranes  with  bro- 
mine2 and  with  iodine3  arc  greatly  accelerated  by  the  pre- 
sence of  me thanolic  sodium  methoxide  and  sodium  hydrox- 
ide. respectively.  These  results  provide  highly  convenient 
procedures  for  the  un/i-Markovnikov  hydrobromination  and 
hydroiodination  of  olefins. 

Table  2.  Conversion  of  Olef 


When  trialkylboranes  derived  from  the  hydroboration  of 
terminal  olefins  are  treated  with  iodine  and  sodium  rnethox- 
idc.  two  of  the  groups  on  boron  react  virtually  instan- 
taneously. The  third  group  reacts  more  slowly  (Table  I). 

into  Alkyl  Iodides  via  Hydroboration-lodination" 


Olefin 

Product* 

Reaction 

Yield  (%f 

time 

NaOHd 

NaOCHj 

h2c=ch-ch2-ch3 

n-C4H9-J 

24  h 

65 

79 

ch3 

h2c=c-ch3 

/-C4H9-J 

24  h 

63 

80 

ch2 

CH2  - J 

24  h 

60 

72 

h2c=ch-ich2)8  -cooch3 

J-CH2-(CH2)9-COOCH3 

24  h 

80  (68) 

h3c-ch=ch-ch3 

J 

1 

h3c~ch  — ch2  — ch3 

3 h 

30 

66 

0 

o<- 

3 h 

33 

64 

0 

Cf~ 

3 h 

72 

, / thf  , 

r'-ch=ch2  + hbn  ► r-ch2-ch2-bn 

X2 / NaOR2  , x 

»■  R — CH2— CH2—  X + NaX  + RO-B^ 

a X : Br,  r2  = ch3 

b X = J,  R2  = H 


* Reaction  of  R >B  (10  mmol)  with  J,  (30  mmol)  and  NaOCH  < 
(30  mmol)  for  the  time  indicated. 

!l  All  products  characterized  by  comparison  with  authentic  samples. 
' Yields,  based  on  starting  olefin,  determined  by  G.L.P.C.  (condi- 
tions: 10".,  Dow  Corning  on  chromosorb  W:  6ftx0.25  in): 
value  in  parentheses  refers  to  isolated  product. 
d Taken  from  reference  2. 


The  bromination  procedure  utilizes  all  three  boron  bound 
groups  of  trialkylboranes  derived  from  the  hydroboration 
of  terminal  olefins  and  two  groups  of  trialkylboranes  from 
internal  and  cyclic  olefins.  Unfortunately,  however,  the  ear- 
lier iodination  procedure  utilizes  only  two  groups  from  prim- 
ary alkyl  organoboranes  and  only  one  group  from  secondary 
alkyl  organoboranes.  The  lower  conversion  realized  in  the 
iodine  reaction  could  severely  limit  the  synthetic  utility  of 
the  reaction  if  a valuable  olefin  were  to  be  converted  into 
the  corresponding  iodide. 

In  this  study  we  have  established  that  the  substitution  of 
sodium  methoxide  as  the  base  in  the  reaction  of  organobor- 


Table  I.  The  Reaction  of  Tri-n-butylborane  with  Iodine  and 
Sodium  Methoxide  at  25°“ 


Time  (hours) 

Yield  {"/„)"  of  n-C4H„J 

0.1 

65 

1 

68 

4 

75 

24 

79 

36 

80 

72 

83 

•'  Reaction  of  tri-n-butylborane  (10 mmol)  with  Jj(30  mmol)  and 
NaOC'H  j (30  mmol). 

h Yield  determined  byG.L.P.C.;conditions:  10";  Dow  Corning  7 10 
on  Chromosorb  W ; column  6 ft  x 0.25  in 


In  the  case  of  trialkylboranes  derived  from  internal  and 
cyclic  olefins,  two  of  the  groups  react  rapidly  with  the  iodine. 
The  third  group  resists  reaction  at  25°,  even  over  extended 
periods  of  time.  The  experimental  results  are  summarized 
in  Table  2. 

Conversion  of  Methyl  10-1  ndecenoate  to  Methyl  1 1-iodoundecano- 
ate4: 

A dry  500-ml  flask  equipped  with  septum  inlet,  magnetic  stirrer, 
and  gas  connecting  tube  was  flushed  with  dry  nitrogen  and  main- 
tained under  a static  pressure  of  the  gas  until  workup.  The  flask 
was  charged  with  tetrahydrofuran  1 100 ml)  and  methyl  10-unde- 
cenoate(33.7  ml.  150  mmol  and  cooled  to0°  in  an  ice  bath.  Conver- 
sion to  the  trialkylborane  was  achieved  by  the  dropwise  addition 
of  neat  borane-methyl  sulfide5  (5.10  ml)  over  40  minutes.  The  ice 
bath  was  removed  and  the  reaction  was  allowed  to  stir  one  hour 
at  room  temperature.  Then  absolute  methanol  (1  ml)  was  added 
to  destroy  traces  of  residual  hydride.  Iodine  (38.1  g.  150  mmol) 
was  added  all  at  once,  followed  by  the  dropwise  addition  of 
a solution  of  sodium  methoxide  in  methanol  (31.8ml  of  a 4.72 
M solution.  150  mmol)  over  a period  of  It)  minutes.  The  reaction 
mixture  was  allowed  to  stir  24  hours.  G.L.P.C.  analysis  of  the 
reaction  mixture  using  u-dccane  for  an  internal  standard  indicated 
an  80", , yield  of  methyl  I l-iodoundccanoate.  A saturated  aqueous 
sodium  thiosulfate  solution  was  poured  into  the  reaction  mixture 
until  the  excess  iodine  was  decolorized.  The  reaction  mixture 
was  extracted  with  pentane  (100ml)  and  dried  over  anhydrous 
magnesium  sulfate.  Distillation  under  vacuum  gave  methyl  II- 
iodoundccanoate:  yield:  33. Ig  |68"„):  b.p.  139  I4I°0.I5  torr: 
no°=  1.4856;  99";  pure  by  V P.C2. 
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These  results  suggest  that  the  alkali  induced  reactions  of 
many  other  electrophilic  reagents  with  organoboranes  may 
be  even  more  strongly  facilitated  by  sodium  methoxide. 
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Synthesis  of  Indenes  and  1.2-Dialkylben/enes1 

William  L.  Parham.  Yousry  A.  Sayi  i> 

Paul  M.  Gross  Chemical  Laboratory.  Duke  University,  Durham. 
North  Carolina  27706.  U.S.A 

We  have  had  a continuing  interest  in  the  synthesis  of  indenes ’ 
in  view  of  their  use  as  starting  materials  for  the  preparation 
of  aromatic  systems’.  It  is  known2,1  that  diols  of  type  1c, 
prepared  from  2-bromobenzyl  aleohol  and  cyclic  ketones, 
can  be  converted  efficiently  to  indenes  by  reaction  with 
boron  trifiuoride:  however,  this  procedure  is  not  effective21’ 
for  diols  prepared  from  acyclic  ketones.  We  have  now  ob- 
served that  excellent  yields  of  2.3-disubstituted  indenes  (2) 
are  generally  obtained  by  reaction  of  the  readily  available 
diols2 1 with  hot  40",,  hydrobromic  acid  (6h).  The  procedure 
is  considerably  more  convenient  and  gives  higher  yields  of 
purer  products  than  the  alternative  sequence  involving  re- 
action of  the  monoacetate  of  t with  formic  acid/acetic  an- 
hydridc2b.  The  yields  of  isolated,  pure  2a4.  2b.  and  2c  were 
X4"„.  79", ,.  and  XI”,,.  rcspecitvely. 

R1 


The  procedure  is  not  useful  for  the  preparation  of  2-  or 
3-monoalkylindencs,  since  complex  mixtures  result  which 
contain  indenes,  phthalans.  and  higher  molecular  weight 
condensation  products.  Mono-arylindcncs  can.  however,  be 
prepared,  but  not  as  efficiently  as  the  disubstituted  indenes. 
The  highest  yield  of  2f  isolated  was  52"  l-(2-bromcmethyl- 
phenyl)-'-phenylethene  and  polymeric  material  were  also 
formed  in  this  reaction. 

Reaction  of  diols  of  type  I with  hot  concentrated  hydro- 
chloric acid  (6  h| gives  phthalans  (,3a-g|  in  nearly  quantitative 
yields,  while  similar  reactions  with  hot  4X"„  hydroiodic 
acid'  11  (6 h ) gives,  with  certain  diols.  excellent  yields  of  1.2- 
dialkylbenzenes.  The  yields  of  l-phenyl-l-(2-methylphenyl|- 
ethane  isolated  from  the  reaction  of  If,  2-/-propyltoluene 
from  le,  and  2-n-propyltoluene  from  Id  were  92", ,.  62"„. 
and  73",,,  respectively:  however,  formation  of  hydrocarbon 
from  Id  was  slow  and  required  12 h of  reflux.  By  contrast, 
reaction  of  benzyl  aleohol  with  hot  48"„  hydroiodic  acid 
gave  almost  exclusively  benzyl  iodide,  while  reaction  of  la 
(6  h) gave  2,3-dimethylindcne  (52"„  yield)  together  w ith  poly- 
meric material ; no  detectable  reduction  to  hydrocarbon  was 
observed  in  the  latter  case. 

In  summary,  the  synthesis  outlined  above  with  48"„  hydro- 
bromic acid  is  the  procedure  of  choice  for  the  preparation 
of  a variety  of  2,3-disubstituted  indenes  from  diols  I. 

Preparation  of  Diols  I : 

Diols  I a.  I b.antl  I f were  prepared  (80  83"„  yields)  from  o-bronio- 
benzyl  alcohol  as  previously  described2".  The  diols  shown  in 
Table  I were  prepared  by  similar  procedures. 


l able  I.  Preparation  of  Diols  I 


Dio! 

Yield 

("„> 

m.p. 

b.p. 

torr 

Brutto 

formula'1 

1 c 

74 

69°  h 

C,,H,»0, 

1206.29) 

Id 

66 

105 

107°  0.02 

ClnMuO, 

(166.221 

1 e 

60 

145 

150°  4 

C,„HuO, 

(166.221 

! R 

62 

115 

1 18°, 0.05 

C„H , .O , 

(152.191 

■ 1 All  diols  gave  satisfactory  elemental  analyses  (C±0. 18“„. 
H ±0.14%). 

" Recrystallized  from  ether  petroleum  ether  . 
c Lit."  m.p.  63  64°. 

Preparation  of  Indenes  2:  General  Procedure: 

2 A mixture  of  the  diol  I (0.02  moll  and  48"„  hydrobromic  acid 
(20ml)  was  heated  al  (he  reflux  tcmperalure  for  6h.  The  cooled 
mixture  was  diluted  with  water  (lOOmll.  extracted  with  ether 
1 3 x 100 mil.  and  the  combined  ether  extracts  were  washed  with 
aqueous  saturated  sodium  hydrogen  carbonate  solution  and  then 
with  water  The  dried  (MgS()4)  extract  was  concentrated  and  the 
indcnc  was  either  distilled  or  crystallized  (see  Table  2). 

The  mixture  derived  from  I f was  purified  by  column  chromatogra- 
phy (alumina.  500g,  petroleum  ether  as  eluent):  the  two  major 
products  were  distilled  to  give  3-plu’M \ liiulnit'  (2f,  see  Table  2) 
and  1 -l  ?-hrnmonwlh  t Ipht'n  i I hi  -phrnyldhcnc ; yield.  33”„;  b.p. 
109  1 14°  0.5  torr. 

(',,11,  iBr  calc.  C 65.95  11  4.80  Br  29.25 

(273.1X1  found  65.86  4.84  29.23 

Ml-N.M  R tC'DC'l,):  4 = 4.3  (s.  CIJ.Br).  5.3  (d.  =CH  1.5.8 
(d.  CH  I.  6.9  7.2  ppm  (nt.  9H .,„„). 
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Analysis  of  the  product  from  1c  by  'H-N.M.R.  showed  it  to 
be  a mixture  of  i-methylindene  (2e).  I.l-dimclhylphthalan  |3e). 
and  a hromoalkene  as  evidenced  by  the  benzylic  methylene  absorp- 
tions (CDCI s)  at  3.2  (m),  5.0  (s).  and  4.5ppm  (s),  respectively. 

When  le  was  treated  for  30  min  with  cold  48"„  hydrobromic 
acid.  pure  U-dimethylpkthalan"  (3c)  is  obtained;  yield:  96%; 
b.p.  48-51°  2 torr. 


Table  2.  Preparation  of  Indenes  2 


Prod- 

Yield 

b.p.  torr 

m.p. 

'H-N.M.R. 

Reference 

uct 

r,.i 

2b 

79 

67  70°  0.05 

2b 

2b 

2a 

84 

53  5570.5 

2b 

9 

2c 

81 

92  95°  0.2 

54  560•, 

3 b 

2f 

52 

92  95°  0.2 

2b 

9.  10 

Mixture  melting  point:  54  56°. 


Preparation  of  Phthalans  3: 

Reactions  of  la,  lb.  and  If  with  hot  concentrated  hydrochloric 
acid  were  carried  out  as  described  for  hydrobromic  acid.  Phthalans 
3a,  3b,  and  3f  were  the  only  products  detected  and  were  iso- 
lated-’1, in  >80%  yield. 

Reductions  with  48'',,  Hydroiodic  Acid:  General  Procedure: 

A mixture  of  l-(2-hydroxymethylphenylpl-phenylcthanol  (If: 
4.56g.  0.02 mol)  and  48%  hydroiodic  acid  (20ml)  was  heated 
at  (he  reflux  temperature  for  6h;  the  mixture  was  then  processed 
as  described  in  the  general  procedure  for  reactions  with  hydro- 
bromic acid  to  give  pure  l-phcnyl-l-(2-methylphenyl)-ethane: 
yield:  92”, b.p.  74  75°/0.1  torr:  (lit.1 2 b.p.  99  101°  I torr). 

C15H  calc.  C 91.78  H 8.22 

(196.29)  found  91.67  8.66 

'H-N.M.R.  (CDCI j):  6=1.5  Id.  ==CH  CIJ  .),  2.1  (s.  C„ll4 
CU  ,-2).  4.2  (q,  — CH  CH ,).  and  6.9  7.3  ppm  (m.  9 H.  „„,,,). 
Similarly  prepared  were: 

From  le,  2-isnprop\l!olucnc 1 1 : yield:  62%:  b.p.  68  71  20  torr. 
'H-N.M.R.  (CDCI j):  6=  1.1  (d.  CH.,|.  2.2  (s.  — C,,H4— CH  d-  30 
(m.  5C H).  and  6.8  7.4  ppm  Im.  4H.„„m). 

From  Id,  2-n-propyltolueiie1'1:  yield:  73"„:  b.p.  78  80  20  torr. 

1 H-N.M.R. (CDCI j): 6=  l.OO.CH  <). 1.5(m.  — CH , — CH  , -CH  ,). 
2.3  (s.  — C„H4  CU  d.  2.6  ((.  -C„ll4  -CH2— ).  and  7.0  ppm 
(m.  4 1 1 

The  latter  reaction  was  slow  and  required  a 12  h reflux  period 
to  remove  an  intermediate,  assumed  (o  be  2-n-propylbenzyl  iodide 
('H-N.M.R..  =4.4  ppm  (s,  C„H4  CH,  J»- 

Reccived:  October  14.  1975 
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Nichl-nucleophile  Alkoholate  als  Hilfsbasen 


Helmut  Quasi,  Manfred  Hi  t schmann 

Inslitut  feir  Organische  Chcmie  der  Universitiit  W/iirzburg. 

D-87  Wurzburg.  Am  Hubland 


Fiir  zahlreiche  Reaktionen  bendtigt  man  moglichst  nicht- 
nucleophile,  starkc  Hilfsbasen1.  Das  gilt  besonders  fiir  1.3- 
F.liminierungen  zu  empfindlichen  Produkten  wic  Cyclo- 
propanonen2 * 4,  Aziridinonen1,  Diaziridinonen2  und  entspre- 
ehenden  Imincn‘‘\ 


Cl— N 
I 

R 


N-H 

I 

R 


1 


Bast 

- HCl 


II  (Lit. 4}  II  (Lit  S) 

Y = -C-  . -C-  . -SO; 


l Lit. 7)  °N\  /C‘H9-'  (Lit  8) 


Die  Anwesenheit  einer  N— Cl-Gruppe  in  der  Ausgangsver- 
bindung  ll)  verbietet  die  Verwendung  oxidierbarer  Hilfsba- 
sen1 '.  Die bisher  gebrauchlichen  tertiiiren  Alkoholate' 
sind  zwar  kaum  oxidierbar,  aber  immer  noch  zu  nucleophil 
fiir  sehr  empfindliche  Verbindungen:  so  erhiilt  man  aus  1. 
Y = — P(Oh/-C4H.1) — . mit  Kalium-f-butanolat  und  sclbst 
mit  Kalium-3-athyl-3-pentanolat  nur  Folgeprodukte  (5)  des 
Dia/aphosphiridins  4 [ = 2.  Y=  P(0)(l-C4H„|  . R = 
,-C4H9l.  Dagegen  gelingt  die  lsolierung  von  4 glatt  mit 
Kalium-2,2.3.4.4-pentamethyl-3-pentanolatB  (3).  das  leicht 
aus  dem  entspreehenden  Alkohol1-  mit  Kaliutnhydrid 
in  Tetrahydrofuran  entsteht. 


0.  CtH9-f 

V 

f-C4H9''N~N^CtH9-( 

4 


CC4H9 

0=P— OR 

-N-NH-C4H9-( 

f-C4H9^ 

5 


1 Supported  by  the  United  States  Army  Research  Office  through 
(iranl  DAHC04  74  GD12K. 

2' W.  P.  Parham.  D.  C.  F.gberg.  J.  Orq.  Chan.  37.  1545  11972). 
-B  W.  I Parham.  W.  C.  Montgomery.  J.  Or#.  Chan  39.  2048 
(1974). 

Aromalic  compounds  are  formed  in  high  yields  from  halocyclo- 
propanes  derived  from  indenes.  cf : W.  F.  Parham,  el  al . J. 
Or#  Chan.  35.  1048  (1970). 

"’W  I Pcrham.  .1  K Rinehart.  J b»  I lian.  Sin  89.  5668 
(1967). 

4 No  3-ethylindcne  was  detected. 

' (i  |)  Mcakins.  R Swindells.  J.  Chem.  Sue.  1959,  1044 
C.  R.  Smilh,  Jr.,  et  al..  J Or#.  Chan.  26,  2903  (1961). 
i R,  A Ogg.  Jr„  J.  Ant  Chan.  Sin  55,  526  11934). 

R K.  Boyd.  (i.  W.  Downs,  J.  S.  Gow.  C.  Horrcx.  ./  Phis. 
Chem.  67,  719  (1963). 

Bp  30  60° 


f-C4H9 
H3C-C-OK 
f-C4H9  3 

Unter  den  angewandten  Bedingungen  erweisen  sich  sowohl 
3alsauehder  Alkohol  als  inert  gegenuber  dem  hoehemprtnd- 
liehen  Diazaphosphiridin  4. 

Vortcilhaft  fiir  cine  Reaklionskonlrolle  ist  das  cinfache 
1 H-N.M.R. -Spcklrum  von  3 bzw.  dem  entspreehenden  Alko- 
hol. Wahrcnd  die  leiehte Sublimierbarkeit  dieses  Alkohols  in 
manehen  Fallen  fiir  einc  lsolierung  der  Produkte  gunslig 
sein  diirfte.  ist  sic  ein  Nachtcil,  wenn  man  besonders  reak- 
tionsfiihigc Verbindungen  wie das  Diazaphosphiridin  4 dureh 
Hochvakuumsublimation  abtrennen  muB.  Fin  fiir  solche 
Zweekc  besser  geeigneter  Alkohol  (8)  ist  aus  2. 2.4 .4-1  etramc- 
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Ihylpentanon  (6)  und  l-Chlorooctadecan  (7)  lcicht  zugiing- 
lich ' 5 und  liiBt  sich  mit  Kaliumhydrid  glatt  in  das  Alkoholat" 
iiberflihren. 


'Ci,H9x 


C — 0 + o-CioHyi-CI 


NC4H9 


L-/THF 
74  V. 


f-C4H9 

n-C^-C-OH 
g f-C4H9 


lnfolge  seiner  extrcmen  Loslichkeitseigenschaften  kann  der 
Alkohoi  8 ieicht  zuriickgewonnen  werden. 


Die  bei  den  vergleichbar  sterisch  gehindeiten  Tri-.sec-alkyl- 
methanolaten  beobachtete  Basizitiitserhohung  infolge  steri- 
scher  Efifekte'4  dtirfteauch  bei  den  von  8 abgeleiteten  Alko- 
holaten  anzutreffen  sein. 


3-/-Bulyl-2,2-dimethyl-3-hydro\yheneicosan  (8|: 

Zu  Lithium-Schnitzeln (3.46 g,0.50  mol)  in  trockenem  Tetrahydro- 
furan  (120ml)  laBt  man  unter  Stickstoff  und  gutem  Riihren  cine 
Mi schung  ( - 2 mil  von  l-Chlorooctadecan  und  2.2,4, 4-Tetrame- 
thylpcntanon  (Molverh,  2: 1)  tropfen  und  erwiirmt  Ieicht.  bis  das 
Lithium  ein  metallisch  gliinzendes  Aussehen  erhiilt.  Dann  liiBt  man 
unter  Eiskiihlunginnerhalb90  mindieiibrige  Mischung  aus  Tetra- 
methylpentanon  (28.4  g,  0.2  mol)  und  l-Chlorooctadecan  (69.4  g. 

0. 24  mol)  zutropfen  und  riihrt  noch  einige  Slunden  bei  0°.  (jber- 
schussiges  Lithium  wird  abfiltriert.das  Ldsungsmittel  im  Vakuum 
abdcstilliert  und  der  Ruckstand  in  Petrolather  (50-70°.  100  ml) 
aufgenommen.  Nach  Ausschiitteln  mit  2 N Salzsiiure  und  Wasser 
wird  mil  Kaliumcarbonat  getrocknet.  im  Vakuum  eingedampft 
und  der  Ruckstand  in  einer  Molekulardestillationsapparatur  im 
Hochvakuum  destilliert;  Ausbeute:  58.5g  (74"„):  Kp:  123 
136710  5 torr:  F:  28-30°;  aus  Petrolather  (50-70°)  bei  -20° 
farblose  Kristalle.  Fp:  34-35°. 

C,-Hs„0  her.  C 81.75  H 14.23 

(396.7)  gef.  82.13  14.09 

1. R.  (ohne  Ldsungsmittel):  rma>=3580 cm  ' (OH). 

'H-N.M.R.  (CDCIj,  60 MHz):  6=1.05  (s,  2 t-C4Hu).  1.26 ppm 
(breites  s). 
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Ethenes  via  Organoborates 
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The  reaction  of  alkali  trialkylalkynylborates  with  various 
electrophilic  reagents2  has  been  used  to  synthesise  a wide 
variety  of  substituted  ethenes3  ' 7 The  synthesis  usually  yields 
a mixture  of  the  (Z/£)-ethenes2' 3.  However,  the  addition 
of  chlorotrimethylsilane  to  sodium  trialkvlpropynvlborates 
gives  only  one  isomer,  namely  the  (£)-2-trimethylsi)ylvinyl- 
boranes4. 


Dem  Fotuls  der  Chemischen  Industrie  dunken  wir  fur  grofiziigige 
Vnterstutzung. 


Eingang:  4.  Oktober  1974 
(uberarbeitete  Fassung:  28.  Oktober  1975) 
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In  order  to  investigate  the  novel  directive  effect  of  the  silicon 
atom  and  to  determine  its  applicability  to  the  highly  stereose- 
lective synthesis  of  various  2-trimcthylsilyl-substituted  vinyl- 
boranes  we  have  synthesised  sodium  triethyl(trimethylsilyl- 
ethynyl)boratc  (I).  Compound  I is  easily  prepared  from 
trimethylsilylacetylene'  and  sodium  tricthylborate8  in 
toluene  in  yields  of  70  to  90”,,.  The  white  crystalline  1 
is  quite  stable  at  room  temperature  when  stored  under  an 
inert  atmosphere. 

toluene 

(H3C)3Si  — C=CH  + Na[(C2H5)3BH]  ► 


Na  [ (C2HS)3B— C=C— Si(CH3)3] 

1 

The  reaction  of  I with  various  electrophiles  and  the  effect 
of  the  silicon  atom  on  the  stereochemistry  of  the  final  product 
was  determined  (see  Scheme  A)  w ith  the  aid  of  1 'B-N.M.R. 
and  'H-N.M.R. 


[Reprinted  from  the  Journal  of  Organic  Chemistry,  41,  1184  (1976).| 
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Halogen-metal  exchange  with  a variety  of  bromophenylalkyl  halides  at  low  temperature  (—100  °C)  is  selective 
and  the  order  of  exchange  is  ArCH2Br  > ArBr  > ArCHjC^Br  > Ar(CH2)„Cl.  Thus,  stable  lithioaryl  derivatives, 
which  can  be  elaborated  by  addition  of  E+,  are  obtained  from  o-bromobenzyl  chloride,  d-(o-bromophenyl)ethyl 
bromide,  and  7-(o-bromophenyl)propyl  chloride.  Intramolecular  cyclization  occurs  rapidly  at  —100  °C  with  7 - ( o - 
bromophenyllpropyl  bromide.  Coupling  occurs  by  primary  benzylbromine-metal  exchange  with  benzyl  bromides. 
Attempts  to  prepare  benzocyclopropene  from  o-lithiobenzyl  chloride  leads  instead  to  9,10-dihydroanthracene.  A 
number  of  synthetic  applications  are  discussed  including  a new,  convenient  synthesis  of  benzocyclobutene. 


The  success  achieved  for  the  elaboration  of  aryl  bro- 
mides containing  functional  groups2  that  are  normally  re- 
active to  alkyl-  or  aryllithium  reagents  by  halogen-metal 
exchange  at  very  low  temperature  (—100  °C)  has  prompted 
us  to  examine  related  reactions  with  aryl  bromides  contain- 
ing haloalkyl  functional  groups.  Complete  selectivity  has 
been  observed  and  the  order  of  halogen-metal  exchange 
has  been  found  to  be  ArCH2Br  > ArBr  > ArCh^CHzBr  > 
Ar(CH2)„Cl.  Halogen-metal  exchange  reactions  were  gen- 
erally conducted  at  —100  °C  in  tetrahydrofuran-hexane 
with  n-butyllithium.  The  course  of  reactions  was  followed 
by  quenching  aliquots  with  water  and  examining  products 
both  by  NMR  and  by  comparing  GLC  retention  times  with 
those  of  authentic  samples,  and  subsequently  by  isolation 
of  products. 

o-Bromobenzyl  Bromide  and  o-Iodobenzyl  Bromide. 

Reaction  of  o-bromobenzyl  bromide  with  1 equiv  of  n-bu- 
tyllithium  gave  2-bromobibenzyl  (4,  82%  isolated  yield) 
which  is  consistent  with  initial  bromine-metal  exchange  at 
the  benzyl  bromide  function  as  shown  in  Scheme  I (eq  1). 


Scheme  I 


This  was  unexpected  in  view  of  the  earlier  report3  which 
suggested  that  halogen-metal  exchange  occurred  at  the 
aryl  halide  function  in  a similar  reaction  with  p-bromoben- 


Scheme  II 


n-C,H..Li 
-100  °C 


8 


zyl  bromide.  When  excess  (2  equiv)  of  n-butyllithium  was 
employed  the  product  was  bibenzyl,  the  product  expected 
by  complete  halogen-metal  exchange  in  3 prior  to  the  addi- 
tion of  water.  Similar  results  were  obtained  with  o-iodo- 
benzyl  iodide  (5);  however,  the  distribution  of  products  (6, 
30%;  7,  37%)  was  different  from  that  obtained  with  1 when 
1 equiv  of  n-butyllithium  was  employed. 

o-Bromobenzyl  Chloride  (8).  Reaction  of  8 follows  a 
dramatically  different  course  of  reaction  than  that  ob- 
served for  1;  o-lithiobenzyl  chloride  (9)  is  formed  exclusive- 
ly at  -100  °C  after  approximately  5 min  when  1 equiv  of 
n-butyllithium  is  employed.  o-Lithiobenzyl  chloride  is  sta- 
ble in  solution  at  —100  °C  and  can  be  elaborated  as  shown 
in  Scheme  II:  (a)  by  conversion  to  benzyl  chloride  (88%  iso- 
lated yield)  by  addition  of  water,  (b)  by  conversion  to  spi- 
ro[cyclohexane-l,T-phthalan)  (10,  75%  isolated  yield)  by 
addition  of  cyclohexanone,  and  (c)  by  conversion  to  N- 
phenylphthalimidine  (11,  73%  isolated  yield)  by  addition  of 
phenyl  isocyanate.  Considerable  effort  was  made  to  deter- 
mine whether  9 might  be  converted  to  benzocyclopropene 
(13),  particularly  since  Radlick  and  Crawford4  have  ob- 
served formation  of  benzocyclopropene  by  a similar  process 
involving  o-bromobenzyl  methyl  ether  and  n-butyllithium 
at  -40  °C.  Samples  of  9 in  the  tetrahydrofuran-hexane  sol- 
vent mixture  were  allowed  to  warm  to  room  temperature 
prior  to  decomposition  with  water.5  The  product  was  pro- 
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Scheme  III 
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aCH2CH,Br 

+ 18  (~3%) 

16  (~97%) 


18(68%) 


cessed  at  room  temperature  to  minimize  possible  decompo- 
sition of  13;  however,  only  benzyl  chloride,  9,10-dihydroan- 
thracene  (12,  43%  isolated  yield),  and  higher  condensation 
products  were  detected.  Similar  results  were  obtained  when 
9 was  formed  in  more  dilute  solutions  of  solvent. 

/3-(o-Bromophenyl)ethyl  Bromide  (14).  Aryl  halogen- 
metal  exchange  by  reaction  of  14  with  n-butyllithium  is  se- 
lective at  -100  °C;  the  lithio  derivative  15  is  formed  rapid- 
ly (approximately  5 min)  and  can  be  elaborated  as  shown  in 
Scheme  III.  The  intramolecular  cylization  of  15,  which  oc- 
curs when  15  is  warmed,  constitutes  a new  and  highly  effi- 
cient synthesis  of  benzocyclobutene6  (18). 

y-(o-Bromophenyl)propyl  Bromide  (19).  While  one 
can  anticipate  selectivity  in  halogen-metal  exchange  simi- 
lar to  that  described  for  14  for  m-  and  p-bromoalkyl  ha- 
lides, certain  ortho  isomers,  such  as  19,  present  a new  prob- 
lem since  entropy  factors  are  favorable  for  intramolecular 
cyclization.  In  order  to  test  this  possibility  the  reactions  of 
19  and  22  with  n-butyllithium  at  —100  °C  were  examined 
(Scheme  IV).  Only  indan  (21,  82%  isolated  yield)  was  de- 


Scheme  IV 
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n-C,H,Li 
-100  “C 
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tected  (NMR)  when  20  was  formed  and  quenched  at  -100 
°C  with  water.  By  contrast,  ■y-(o-lithiophenyl)propyl  chlo- 
ride (23)  is  formed  selectively  and  is  stable  at  —100  °C,  and 
can  be  elaborated  as  shown  by  (a)  its  conversion  to  y-phen- 
ylpropyl  chloride  (24,  81%  isolated  yield)  by  addition  of 
water,  and  (b)  by  formation  of  25  (64%  isolated  yield)  by 
addition  of  cyclohexanone.  When  the  solution  containing 
23  is  warmed  to  room  temperature,  intramolecular  cycliza- 
tion occurs  giving  indan  (21,  78%  isolated  yield). 

These  results  suggest  a broad  spectrum  of  utility  in  syn- 
thesis for  lithioarylalkyl  halides  formed  at  low  temperature 
from  bromoarylalkyl  halides. 


Experimental  Section 

General  Procedure  for  Halogen-Metal  Exchange.  Reaction 
of  haloarylalkyl  halides  (0.02  mol)  with  n-butyllithium  (1  molar 
equiv)  in  dry  tetrahydrofuran  (^ — 130  ml)-hexane7  ( — 40  ml)  was 
carried  out  similar  to  that  described  for  bromobenzoic  acids2”  and 
bromobenzonitriles.2d  Aliquots  were  examined  as  described  in  ref 
8. 

Reaction  of  o-Bromobenzyl  Bromide  (1)  with  n-Butyllithi- 

um.  Examination  of  an  aliquot8  showed  complete  disappearance  of 
1 after  30  min.  The  solution  was  stirred  for  a total  of  1 h at  -100 
°C  and  was  poured  into  dilute  hydrochloric  acid  (~100  ml).  The 
organic  product,  obtained  from  the  dried  (MgS02)  ether  extract, 
was  essentially  pure  (GLC)  2-bromobibenzyP  (4,  82%  yield).  The 
analytical  sample  was  collected  by  preparative  GLC  [20%  SE-30  on 
Chromosorb  W (60/80  mesh),  6 ft  X 0.25  in.,  185  °C,  90  ml/min 
He):  NMR  (CDCl.i)  S 2.95  (m,  4,  CH2),  7.25  (m,  9,  aromatic  H). 

Anal.  Calcd  for  ChH i;,Br:  C,  64.38;  H,  5.02.  Found;  C,  64.17;  H, 
5.03. 

When  reaction  was  effected  with  2 equiv  of  n-butyllithium,  the 
only  product  detected  was  bibenzyl  [7,  86%  yield,  mp  50.5-52  °C 
(lit.10  mp  51.5-52.5  °C);  NMR  (CDC13)  i 2.95  (s,  4,  CH2),  7.25  (m, 
10,  aromatic  H)]. 

Reaction  of  o-iodobenzyl  bromide1 1 with  n-butyllithium 

was  carried  out  as  for  1,  except  that  the  reaction  mixture  was 
stirred  for  30  min  at  -100  °C  prior  to  quenching  with  water  (~75 
ml)  and  ether  (~100  ml).  The  dried  (MgS04)  organic  extracts  were 
concentrated  (rotary  evaporation)  to  afford  3.21  g of  yellow  oil. 
The  crude  product  was  distilled  in  vacuo  to  give  (a)  0.57  g [37%,  bp 
76-86  °C  (0.03  Torr)J  of  nearly  pure  (GLC,  coinjection  of  an  au- 
thentic sample)  bibenzyl,  and  (b)  1.57  g [bp  95-110  °C  (0.03  Torr)j 
of  impure  2-iodobibenzyl.  The  material  was  obtained  pure  by  re- 
crystallization  from  a mixture  (80:20)  of  petroleum  ether12”  and 
chloroform  to  afford  0.78  g of  6 (30%):  mp  71.5-75  °C  [lit.13  bp  175 
°C  (0.5  Torr)[;  NMR  (CDC13)  6 3.10  (s,  4,  CH2),  7.25  (m,  9,  aromat- 
ic H). 

Anal.  Calcd  for  C14H13I:  C,  54.57;  H,  4.25.  Found:  C,  54.48;  H, 
3.91. 

Reactions  of  o-Bromobenzyl  Chloride14  (8).  A.  Conversion 
to  Benzyl  Chloride.  Analysis  of  an  aliquot17  obtained  from  8 
(0.025  mol)  and  n-butyllithium  (0.025  mol)  at  -100  °C  10  min 
after  mixing  showed  (NMR)  essentially  only  benzyl  chloride.  The 
entire  mixture  was  added  to  a mixture  of  water  (50  ml)  and  ether 
(200  ml).  Benzyl  chloride  [88%  yield,  bp  177-180  °C  (lit.18  bp  179 
°C)[  was  obtained  by  distillation  of  the  dried  organic  extract. 

B.  Spiro[cyclohexane-l,l'-phthalan]  (10).  The  above  mixture 
prepared  from  8 (0.05  mol)  was  treated  at  —100  °C  with  n-butyl- 
lithium  (0.05  mol)  followed  by  cyclohexanone  (0.075  mol);  the  re- 
sulting mixture  was  allowed  to  warm  to  25  °C  and  was  poured  into 
water  ( — 100  ml).  The  organic  material  obtained  from  the  dried 
ether  extract  was  distilled  in  vacuo  to  give  7.9  g (84%  yield)  of  10: 
bp  87-89  °C  (0.01  Torr);  pure  by  GLC;  NMR  (CDC13)  6 1.7  (broad 
s,  10,  aliphatic  H),  5.1  (s,  2,  C H20),  7.2  (m,  4,  aromatic  H). 

Anal.  Calcd  for  C,:,H,sO:  C,  82.94;  H,  8.57.  Found:  C,  82.85;  H, 
8.62. 

C.  Preparation  of  Af-Phenylphthalimidine  (11).  Reaction  was 
carried  out  as  in  A above;  the  mixture  was  stirred  for  40  min  at 
-105  °C,  phenyl  isocyanate  (5.95  g,  0.05  mol)  in  hexane7  ( — 25  ml) 
was  added,  and  the  reaction  mixture  was  allowed  to  warm  to  room 
temperature.  The  entire  mixture  was  added  to  water  (~100  ml) 
and  ether  (~200  ml)  and  the  dried  (MgSO<)  organic  extracts  were 
concentrated  (rotary  evaporation)  to  afford  8.44  g of  pink  semisol- 
id. The  crude  product  was  recrystallized  twice  from  a mixture  (80: 
20)  of  petroleum  ether12b  and  chloroform  to  give  3.82  g (II,  73%, 
mp  156-158  °C,  lit.19  mp  160  °C)  of  nearly  pure  11.  The  material 
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was  obtained  pure  by  two  successive  recrystallizations;  mp  166-167 
°C;  NMR  (CDC13)  5 4.95  (s,  2,  CH2),  7.80  (m,  9,  aromatic  H). 

Anal.  Calcd  for  C,4HnNO:  C,  80.36;  H,  5.30;  N,  6.69.  Found:  C, 
80.36;  H,  5.38;  N,  6.63. 

D.  Conversion  to  9,10-Dihydroanthracene  (12).  The  reaction 
was  carried  out  as  in  A above;  the  mixture  was  processed  by  a vari- 
ety of  procedures  to  detect  benzocyclopropene420  (13,  NMR21  b 
3.11,  CH2).  In  a typical  experiment  the  mixture  was  allowed  to 
warm  to  25  °C  (~3  h);  anions  were  decomposed  by  addition  of 
water  (~5  ml)  and  the  solution  was  dried  (MgS04,  excess).  In  one 
experiment,  low-boiling  materials  (identified  by  NMR  spectral 
analysis  as  THF,  hexane,  and  n -butyl  bromide)  were  removed  at 
45  °C  (150  Torr).  The  residue  contained  9,10-dihydroanthracene 
and  benzyl  chloride  in  the  ratio  of  70:30  |NMR  (CDCI3)  S 3.9  and 
4.5,  respectively  for  CH2  (singlets)).  Recrystallization  of  the  resi- 
due from  petroleum  ether12®  or  ethanol  gave  pure  9,10-dihydroan- 
thracene (12, 0.97  g,  43%  yield,  mp22  and  mmp  108-1 10  °C). 

Reactions  of  o-Bromophenethyl  Bromide  (14).  A.  Phen- 
ethyl  Bromide.  Reactions  of  1423  [0.03  mol,  prepared  in  83%  yield 
by  reaction  of  o-bromophenethyl  alcohol24  with  hydrobromic  acid 
(48%))  with  n-butyllithium  (0.03  mol)  at  —100  °C  was  complete  <5 
min  after  mixing.  Analysis  of  aliquots8  showed  only  phenethyl  bro- 
mide25 and  benzocyclobutene,  in  the  ratio  of  97:3,  to  be  present. 

B.  Spiro[cyclohexane-l,r-isochroman]  (17).  The  solution  of 
15  (0.03  mol),  prepared  as  in  A,  above,  was  treated  at  —105  °C  with 
cyclohexanone  (0.04  mol)  and  the  resulting  mixture  was  allowed  to 
warm  to  20  °C.  The  mixture  was  added  to  water  (~100  ml)  and 
was  extracted  with  ether.  The  oil  obtained  from  the  dried  (MgS04) 
ether  extract  was  distilled  in  vacuo  to  give  pure  17:  bp  110-115  °C 
(0.07-0.09  Torr);  NMR  (CDC13)  b 1.7  (m,  10,  aliphatic  H),  2.9  (t,  2, 
ArCH2),  4.05  (t,  2,  CH20),  7.5  (m,  4,  aromatic  H)]. 

Anal.  Calcd  for  Ci4H180:  C,  83.12;  H,  8.97.  Found:  C,  82.92;  H, 
9.13. 

C.  Benzocyclobutene  (18).  A solution  of  15  (0.0189  mol),  pre- 
pared as  described  in  A above,  was  stirred  for  0.5  h at  —100  °C  and 
allowed  to  warm  to  25  °C.  The  resulting  mixture  was  added  to 
water  (~100  ml)  and  the  organic  products  were  collected  by  ex- 
traction with  ether.  The  crude  product  (2.67  g)  was  distilled  to  give 
1.57  g of  a clear,  colorless  oil  [bp  77  °C  (70  Torr)).  Spectral  analysis 
(NMR)  of  the  oil  showed  it  to  be  a mixture  of  benzocyclobutene 
(18,  80%,  68%  yield),  tetrahydrofuran  (5%),  and  n-butyl  bromide 
(15%).  Pure  benzocylobutene6  was  collected  by  preparative  GLC 
(20%  SE-30  on  Chromosorb  W (60/80  mesh),  6 ft  X 0.25  in.,  150  °C, 
90  ml/min  He):  NMR  (CDCI3)  b 3.18  (s,  4,  CH2),  7.10  (m,  4,  aro- 
matic H);  ir  1450,  1010,  775,  720  cm"1;  molecular  ion  m/e  104;  n23D 
1.5411  (lit.26  n25D  1.5409). 

Anal.  Calcd  for  C8H8:  C,  92.96;  H,  7.74.  Found:  C,  92.34;  H,  7.70. 

Reaction  of  y-(o>Bromopheny))propyl  Bromide  (19)  with 
n-Butyllithium.  Formation  of  Indan  (21).  Reaction  of  19  [0.025 
mol,  prepared  from  0-(o-bromophenyl)propanoic  acid2c  by  reduc- 
tion to  7-(o-bromophenyl)propanol  (90%  yield,  bp  100-105° 
(0.02-0.01  Torr),  lit.27  bp  106-108  °C  (0.5  Torr),  with  lithium  alu- 
minum hydride  and  subsequent  conversion  of  the  alcohol  to  19 
(81%  yield,  bp  104-108  °C  (0.6-0.5  Torr),  lit.27  bp  84-85  °C  (0.3 
Torr),  with  hydrobromic  acid  (48%))  with  n-butyllithium  (1  molar 
equiv)  at  —100  °C  was  complete  after  15  min  (aliquots28  indicated 
only  indan).  The  mixture  was  decomposed  with  water  (50  ml)  and 
processed  by  extraction  (ether)  and  the  dried  (MgS04)  organic  ex- 
tracts were  concentrated  (rotary  evaporation)  to  give  a residue 
which  was  distilled  in  vacuo  to  afford  2.42  g [21,  82%  yield,  bp 
176-177  °C,  lit.29  bp  177  °C  (760  mm))  of  pure  indan:  NMR 
(CDCI3)  b 2.05  (m,  2,  -CH2),  2.92  (t,  4,  -CH2),  7.2  (m,  4,  aromatic 
H). 

Anal.  Calcd  for  C9H10:  C,  91.47;  H,  8.53.  Found:  C,  91.52;  H,  8.41. 

Reactions  of  7-(o-Rromophenyl)-l -propyl  Chloride30  (22). 
A.  Conversion  to  3-Chloro-l-phenylpropane  (24).  Studies  of  al- 
iquots28 obtained  15  min  after  the  addition  of  n-butyllithium  (1 
molar  equiv)  to  22  (1  molar  equiv)  at  -100  °C  showed  no  starting 
material  and  only  24.  The  entire  product  was  added  to  water  and 
the  organic  residue  obtained  from  the  dried  (MgS04)  ether  extract 
was  distilled  to  give  pure  24  (81%  yield,  bp  218-220  °C,  lit.31  bp 
219-220  °C). 

B.  Conversion  to  Indan  (21).  When  the  solution  of  23,  pre- 


pared at  -100  °C,  was  warmed  to  20  °C  (24  h)  prior  to  addition  of 
water,  pure  indan  (21,  78%  yield,  bp  176-177  °C29)  was  obtained. 

C.  Conversion  to  25.  The  solution  of  23  (0.05  mol)  prepared  as 
in  A was  treated  at  —100  °C  with  cyclohexanone  (2  molar  equiv)  at 
-100  to  -90  °C  and  the  resulting  mixture  was  allowed  to  warm  to 
25  °C  (24  h).  The  crude  product  (obtained  by  addition  to  water 
with  subsequent  extraction  with  ether)  was  distilled  through  a 
short  Vigreux  column  to  give  cyclohexanone  containing  some  25 
(bp  <100°,  0.04  Torr).  The  column  was  replaced  by  a short-path 
column  and  nearly  pure  25  [8.1  g,  64%  yield,  bp  140-145  °C  (0.04 
Torr))  was  collected.  Fractionation  of  this  material  through  a short 
Vigreux  column  gave  the  analytical  sample:  bp  153-156  °C  (0.03 
Torr);  NMR  (CDCI3)  b 1.8  (m,  13,  aliphatic  H),  3.2  (m,  2,  -CH2), 
3.65  (t,  2,  -CH2),  7.35  (m,  4,  aromatic  H). 

Anal.  Calcd  for  C,5H2iC10:  C,  71.21;  H,  8.37;  Cl,  14.03.  Found:  C, 
71.51;  H,  8.48;  Cl,  13.75. 

Registry  No.— 1,  3433-80-5;  4,  57918-64-6;  5,  40400-13-3;  6, 
35444-96-3;  7,  103-29-7;  8,  578-51-8;  10,  171-80-2;  11,5388-42-1;  12, 
613-31-0;  14,  1074-15-3;  15,  57918-65-7;  17,  57918-66-8;  18,  694-87- 
1;  19,  1075-28-1;  21,  496-11-7;  22,  57918-67-9;  23,  57918-68-0;  24, 
104-52-9;  25,  57918-69-1;  n-butyllithium,  109-72-8;  cyclohexanone, 
108-94-1;  phenyl  isocyanate,  103-71-9. 
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n-Butyllithium  reacts  selectively  at  -100  °C  with  the  isomeric  bromobenzonitriles  by  halogen-metal  exchange. 
The  resulting  lithiobenzonitriles  are  stable  at  —100  °C  and  can  be  elaborated  with  electrophiles  to  give  good 
yields  of  substituted  benzonitriles,  or,  in  the  case  of  o-bromobenzonitrile,  cyclic  products  derived  from  them. 
Studies  of  reactions  of  bromobenzylnitriles  and  bromophenylpropionitriles  with  n-butyllithium  at  —100  °C  are 
also  described. 


The  preparation  of  aryllithium  reagents  from  isomeric 
bromobenzonitriles  by  halogen-metal  exchange  with  n- 
butyllithium  has  been  reported;2  however,  such  derivatives 
have  not  been  useful  as  synthetic  intermediates.  The  low 
yields2  of  functionalized  products  obtained  by  reaction  of 
such  lithioarene  intermediates  with  electrophiles  are  due, 
at  least  in  part,  to  the  reactivity  of  the  nitrile  function  with 
organometallic  reagents.  The  recent  observation  that  bro- 
mine-lithium exchange  can  be  effected  selectively  at  —100 
°C  with  aryl  bromides  containing  carboxylate:!a  and,  with 
limitations, 3b  methyl  ester  functions  suggested  that  bromo- 
benzonitriles could  be  efficiently  elaborated  at  very  low 
temperature.  This  has  been  shown  to  be  the  case. 

The  isomeric  bromobenzonitriles  were  treated  in  tetra- 
hydrofuran-hexane  with  n-butyllithium  at  —100  °C.  In  the 
case  of  o-bromobenzonitrile,  essentially  identical  results 
were  obtained  at  -78  °C;  halogen-metal  exchange  was 
complete4*  in  5 min  at  —100  °C.  The  derived  lithioarene  in- 
termediates were  then  functionalized  by  addition  of  suit- 
able electrophiles.  The  results,  summarized  in  Table  I,  are 
self-explanatory;  however,  attention  should  be  called  to  the 
fact  that  intramolecular  cyclizations  of  product  anions  with 
the  adjacent  nitrile  functions  generally  occurred  in  the 
ortho  series. 

The  stability  of  the  derived  lithiobenzonitriles  was  ex- 
amined briefly  by  warming  o-lithiobenzonitrile,  subsequent 
to  its  formation  at  —78  °C,  for  5 h at  —30  °C  prior  to  the 
addition  of  water.  The  products,  shown  in  Scheme  I, 


Scheme  I 


basic 

+ conden- 
sation 
products 


suggest  that  (1)  the  lithium  derivative,  once  formed,  is  rea- 
sonably stable  ( — 43%  of  14),  and  (2)  reaction  of  the  lithium 
reagent  with  n- butyl  bromide,  formed  during  the  exchange 
reaction,  becomes  significant  (~6%  of  16  plus  butylated 
condensation  products)  at  higher  temperatures.  The  for- 
mation of  significant  quantities  of  higher  molecular  weight 
basic  condensation  products  is  assumed  to  result,  in  part, 
by  condensation  of  13  with  16  and  with  itself.  While  the 
mixture  of  condensation  products  was  not  resolved, B sam- 
ples were  hydrolyzed  with  hydrochloric  acid  and  with  alka- 
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li.  No  anthraquinone  was  detected  in  the  resulting  prod- 
ucts.7 

It  was  of  interest  to  determine  whether  or  not  anions  de- 
rived from  homologous  bromobenzylnitriles  would  undergo 
halogen-metal  interchange  (Scheme  II).  Reaction  of  17 
with  n-butyllithium  at  -100  °C  gave  18^  however,  the  an- 
ionic character  of  the  benzylic  carbon  in  18  inhibited  halo- 
gen-metal exchange  in  18  at  —100  °C  with  excess  n-butyl- 
lithium. Examination  of  aliquots4*  treated  with  water  after 
1 h at  —100  °C  obtained  when  excess  n-butyllithium  was 
employed  showed  ratios  of  benzylnitrile  to  unchanged  bro- 
mobenzylnitrile  of  3.5/97,  1/99,  and  0.5/99.5  for  17a,  17b, 
and  17c,  respectively.  There  was  no  appreciable  change  in 
their  ratios  after  an  additional  2 h at  —100  ?C.  Exchange 
was  also  slow  at  -78  °C  (6.2,  7.2,  and  5.0%,  respectively  for 
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Table  I.  Reaction  of  Isomeric  Lithiobenzonitriles 

Substrate  Reactant  Product  Isolated  yield,  % 


Br 


1 


0 

1 

C.H  — C—  C„H 


1 CtHsCO,CHj 


(Si  H,0 

o 

5 II 

C..H  — C— C.J), 

5 CjHjCOjCHj 
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72 


86 


33 


82 


83 


47" 


82* 
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CH;“=CHCOiCHj 


o 

C,H  —('—C.H 


C„H,NCO 


9c, d 


50 


75  c 


o The  order  of  addition  of  the  Jithiobenzonitrile  and  methyl  benzoate  did  not  affect  the  yield  appreciably.'  b Compound  9 
was  converted  in  high  yield  into  the  corresponding  lactone  by  reaction  with  (a)  hydrochloric  acid,  or  (b)  dilute  aqueous 
sodium  hydroxide  followed  by  acidification.  c Compound  10  was  anticipated  by  intramolecular  cyclization  of  the  1,4  adduct 
with  subsequent  enolization  of  the  derived  imino  function.  d The  major  organic  residue  was  polymer,  assumed  to  be  formed 
from  the  product  derived  subsequent  to  1,2  addition  to  the  ester  carbonyl  group.  e Compound  12  was  isolated  as  N-phenyl- 
phthalimide. 


17a,  17b,  and  17c  after  ~4.5  h);4a  however,  some  butylation 
occurred,  presumably  by  reaction  of  18  or  19  with  n-butyl 
bromide,  at  —78  °C. 

When  reaction  of  17  with  n-butyllithium  is  carried  out  at 
higher  temperatures  (-44  °C),  halogen-metal  exchange  is 
significantly  increased;  however,  butylation  of  derived  an- 
ions by  n-butyl  bromide,  formed  by  exchange,  becomes  a 
significant  side  reaction.  Thus,  warming  the  product  of  re- 
action of  17c  with  2 equiv  of  n-butyllithium,  formed  at  -78 
°C,  to  -44  °C  gave  a product  containing  nitriles  in  the  ra- 
tios shown  in  eq  2,  together  with  three  other  components 
which  were  not  examined. 

When  benzylic  anion  formation  is  disallowed,  as  in  20, 
halogen-metal  exchange  is  rapid  (~100%  yield  after  10 


min)  and  complete.411  Formation  of  o,«-dimethylbenzoni- 
trile  (22,  ~100%  yield)  by  addition  of  water  to  21  suggests 
that  bromobenzylic  nitriles  with  no  benzylic  protons  can  be 
conveniently  elaborated  through  the  aryllithium  interme- 
diate. This  was  demonstrated  by  allowing  the  mixture  pre- 
pared from  20  to  warm  to  room  temperature;  o.a-dimeth- 
yl(o-butylbenzyl)nitrile  (23)  was  formed  by  reaction  of  21 
with  n-butyl  bromide,  formed  by  exchange,  and  was  isolat- 
ed pure  in  74%  yield. 

When  the  alkylnitrile  function  in  the  arene  is  not  benzyl- 
ic, then  halogen-metal  exchange  occurs  readily  (Scheme 
111).  While  the  primary  reaction  of  24  with  1 equiv  of  n- 
butyllithium  is  anion  formation  at  the  methylene  group  ad- 
jacent to  the  nitrile  function,9  the  anionic  center  is  suffi- 
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ciently  removed  to  permit  complete  halogen-metal  ex- 
change with  the  second  equivalent  of  n-butyllithium.  Such 
reactions  are  not,  however,  of  synthetic  interest  since  there 
are  two  anionic  centers  available  for  reaction  with  E+.  Such 
reactions  are  further  complicated  by  the  fact  that  apprecia- 
ble butylation10  occurs  (26  and  27)  even  at  —100  °C.  It  is 
also  of  interest  to  note  that  iodine-lithium  exchange  is  suf- 
ficiently more  rapid  than  bromine-lithium  exchange  to 
permit  appreciable  halogen-metal  exchange  in  28  (80%)  in 
preference  to  proton  removal  with  only  1 equiv  of  n-butyl- 
lithium (eq  2,  Scheme  III);11  however,  attempts  to  elabo- 
rate 29  and/or  30  formed  from  28  and  1.5  equiv  of  n-butyl- 
lithium  at  -100  °C,  with  cyclohexanone,  led  to  a complex 
unresolved  mixture  containing  butylated  products. 

Experimental  Section 

Isomeric  Bromobenzoaitriles.  General  Procedure.  Conver- 
sion of  m-Broraobenzonitrile  (1)  to  Benzonitrile  (2).  m- 

Bromobenzonitrile12  (5.00  g,  0.0275  mol),  tetrahydrofuran  ( — 125 
ml.  freshly  distilled  over  lithium  aluminum  hydride),  and  dry  hex- 
ane13 ( — 35  ml)  were  introduced,  under  nitrogen,  into  a three-neck 
flask  equipped  with  a low-temperature  thermometer,  addition  fun- 
nel, mechanical  stirrer,  and  nitrogen  inlet  tube.  The  reaction  mix- 
ture was  cooled  to  -100  °C  (liquid  nitrogen-diethyl  ether  bath) 
and  n-butyllithium  (11.9  ml,  0.0275  mol,  2.3  M solution  in  hexane) 
was  added  rapidly  (the  rate  of  addition  was  adjusted  such  that  the 
temperature  did  not  momentarily  exceed  —92  °C).  Examination  of 
aliquots4"  showed  that  halogen-metal  exchange  was  complete  <5 
min  after  the  addition  of  n-butyllithium  (1  equiv).  The  reaction 
mixture  was  poured  into  water  (~200  ml).  The  organic  layer  was 
separated,  and  the  aqueous  layer  was  extracted  with  three  100-ml 
portions  of  ether.  The  organic  extracts  were  combined,  dried 
(MgS04),  and  concentrated  (rotary  evaporation)  to  afford  3.10  g of 
light,  yellow  oil.  This  material  was  distilled  to  give  2.03  g (72%,  bp 
188-191  °C,  lit.14  bp  190.6  °C  (760  mm)]  of  pure  (GLC)4"  benzoni- 
trile. 

Preparation  of  J)iphenyl(i»-cyanophenyl)carbinol  (3).  Re- 
action of  1 (0.0275  mol)  in  a mixture  of  THE  ( — 125  ml)-hexane1:1 
( - — 35  ml)  with  n-C jH'iI.i  (0.0275  mol)  was  carried  out  as  described 
in  the  general  procedure.  Benzophenone  (0.0275  mol)  in  dry  THF 
(~30  ml)  was  added;  the  reaction  mixture  was  warmed  to  20  °C 
and  poured  into  water  (100  ml).  The  organic  layer  was  separated 
and  the  aqueous  layer  was  extracted  once  with  ether  (100  ml).  The 
organic  extracts  were  combined,  dried  (MgS04),  and  concentrated 
to  afford  8.65  g of  yellow  oil.  The  material  was  recrystallized  once 
from  petroleum  ether1'”  to  give  6.76  g (86%  mp  87-92  °C)  of  nearly 
pure  3.  Elution  of  a portion  (400  mg)  of  this  material  on  a prepara- 
tive silica  gel  plate  (fluorescent  indicator)  with  a mixture  (80:20)  of 


petroleum  ether15f  and  ether  afforded  pure  3 (380  mg,  82%,  mp 
96.5-98.5  °C);  ir  e0H  3330,  *CN  2170  cm’1. 

Anal.  Calcd  for  C20H15NO:  C,  84.18;  H,  5.30;  N,  4.91.  Found:  C, 
84.23;  H,  5.36;  N,  4.85. 

Preparation  of  3-Cyanobenzophenone  (4).  Reaction  of  1 
(0.0275  •-sol)  in  a mixture  of  THF  (~125  ml)-hexane13  (~30  ml) 
with  n-CiHgLi  was  carried  out  as  described  above.  The  reaction 
mixture  was  stirred  at  —100  °C  for  10  min;  an  aliquot  (~10  ml)  was 
quenched  with  water  and  dried  (MgS04),  and  examination  of  the 
residue  by  GLC  (5%  SE-30  on  Chromosorb  W,  3 ft  X 0.25  in.,  105 
°C,  45  ml/min  He]  indicated  complete  conversion  of  1 to  3-lithio- 
benzonitrile.4*  Methyl  benzoate  (0.029  mol)  in  dry  THF  (~25  ml) 
was  added;  the  reaction  mixture  was  warmed  to  25  °C  and  poured 
into  water  (100  ml).  Ether  extraction  of  the  aqueous  layer  and  con- 
centration of  the  organic  extracts  afforded  5.72  g of  yellow  oil.  The 
material  was  recrystallized  twice  from  methanol  to  give  1.7  g |33%, 
mp  90-92  °C  (lit.16  mp  92  °C)]  of  pure  3-cyanobenzophenone. 

Conversion  of  p-Bromobenzonitriie  (5)12  to  Benzonitrile 
(2).  Reaction  of  5 (0.0275  mol)  in  a mixture  of  dry  THF  (~125 
ml)-hexane13  ( — 35  ml)  with  n-C4H9Li  (0.0275  mol)  and  subse- 
quent decomposition  of  p-lithiobenzonitrile  with  water  was  carried 
out  as  described  for  1.  Distillation  of  the  residue  (3.02  g)  gave  2.33 
g (82%)  of  pure  (GLC)4a  benzonitrile. 

Preparation  of  Diphenyl(p-cyanophenyl)carbinol  (6).  The 
procedure,  starting  with  5,  was  essentially  identical  with  that  de- 
scribed for  3.  The  crude  product  was  crystallized  from  a mixture 
(85:15)  of  petroleum  ether15b  and  chloroform  to  give  6.54  g (83% 
yield,  mp  90-93  °C)  of  nearly  pure  6 (mp  92-93.5  °C;  ir  (KBr)  ton 
3300,  ccn  2200  cm-1). 

Anal.  Calcd  for  C20H1SNO:  C,  84.18;  H,  5.30;  N,  4.91.  Found:  C, 
83.97;  H,  5.31;  N,  4.80. 

Preparation  of  4-Cyanobenzophenone  (7).  The  procedure, 
starting  with  5,  was  essentially  identical  with  that  described  for  4. 
One  recrystallization  of  the  crude  product  from  methanol  gave 
pure  7 (mp  115-116  °C,  lit.17  mp  107-108  °C). 

Anal.  Calcd  for  C14H9NO:  C,  81.14;  H,  4.38;  N,  6.76.  Found:  C, 
81.43;  H,  4.41;  N,  6.66. 

Conversion  of  o-Bromobenzonitrile  (8) 12  to  Phthalan  9.  Re- 
action of  8 (0.0275  mol)  in  THF  f — 1 25  mO-hexane13  (~40  ml)  mix- 
ture with  n-C(Hi)Li  (0.0275  mol)  was  carried  out  as  described  in 
the  general  procedure,  except  that  the  reaction  mixture  was  main- 
tained at  —78  °C  (dry  ice-acetone  bath).  Examination  (GLC)4*  of 
an  aliquot  ( — 10  ml)  indicated  only  o-lithiobenzonitrile.  Cyclohexa- 
none (0.0296  mol)  in  THF  (~20  ml)  was  added;  the  reaction  mix- 
ture was  warmed  to  5 °C  and  was  poured  into  ice-cold  water  (100 
ml).  Rapid  extraction  (chloroform)  of  the  aqueous  layer,  followed 
by  concentration  of  the  organic  extracts,  gave  6.97  g of  yellow  oil. 
The  crude  product  was  distilled  in  vacuo  to  afford  4.5  g |82%,  bp 
104-105  °C  (0.03  Torr)j  of  pure  iminophthalan  9:  ir  r 1660  cm-1; 
NMR  (CDCI3)  6 1.8  (broad  s,  10  aliphatic  H),  6.75  (broad  s,  1,  NH), 
7.4  (m,  3,  aromatic  H),  7.85  (m,  1,  aromatic  H). 

Anal.  Calcd  for  CnH15NO:  C,  77.58;  H,  7.51;  N,  6.96.  Found:  C, 
77.39;  H,  7.35;  N,  6.88. 

Acid  (concentrated  hydrochloric)  or  base  (10%  sodium  hydrox- 
ide) hydrolysis  of  phthalan  9 gave  the  corresponding  known  lac- 
tone18 (mp,  mmp  80-82  °C)  in  high  yield. 

Preparation  of  2-Carbomethoxy-3-aminoindene  (10).  Reac- 
tion of  8 (0.0275  mol)  in  a THF  ( — 125  mll-hexane13  (~40  ml)  mix- 
ture with  n-C4H9Li  (0.0275  mol)  was  carried  out  as  described 
above.  Methyl  acrylate19  (0.030  mol)  in  dry  hexane13  ( — 25  ml)  was 
added;  the  reaction  mixture  was  warmed  to  0 °C  and  poured  into 
water  (~100  ml).  The  crude  product  was  distilled  in  vacuo  to  af- 
ford 1.47  g of  yellow  oil.  The  oil  was  recrystallized  once  from  petro- 
leum ether15*  to  give  0.45  g (9%,  mp  103.5-105  °C)  of  pure  10: 
NMR  (CDCI3)  i 3.62  (s,  2,  benzylic  H),  3.90  (s,  3,  -OCH3),  6.0 
(broad  s,  2,  -NH2),  7.5  (m,  4,  aromatic  H). 

Anal.  Calcd  for  Ci,H,,N02:  C,  69.83;  H,  5.86;  N,  7.40.  Found:  C, 
70.09;  H,  5.63;  N,  7.30. 

The  distillation  residue  appeared  to  be  polymeric. 

Preparation  of  Phthalan  II.  Reaction  of  8 (0.0275  mol)  in  a 
THF  ( — -1 25  ml)-hexane13  (~35  ml)  mixture  with  n-C4H9Li  (0.0275 
mol)  was  carried  out  as  described  in  the  general  procedure.  Benzo- 
phenone (0.028  mol)  in  THF  ( — 25  ml)  was  added,  and  the  reaction 
mixture  was  warmed  to  0 °C  and  poured  into  cold  water  (~100 
ml).  Rapid  extraction  (ether)  of  the  aqueous  layer  and  concentra- 
tion (rotary  evaporation)  of  the  organic  extracts  afforded  8.38  g of 
yellow  solid.  The  crude  product  was  recrystallized  from  petroleum 
ether15"  to  give  3.93  g (50%,  mp  106-107.5  °C)  of  nearly  pure  imi 
nophthalan  II.  One  further  recrystallization  of  this  material  gave 
the  pure  product,  2.56  g (33%,  mp  108.5-109.5  °C);  ir  r 1660  cm-1. 
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Anal.  Calcd  for  C9H8BrN:  C,  51.45;  H,  3.84;  N,  6.67.  Found:  C, 
51.31;  H,  3.88;  N,  6.70. 

Preparation  of  .Y-Phenylphthalimide  (12).  Reaction  of  8 
(0.275  mol)  in  a THF  <- — 1 25  ml)-hexane13  ( — 35  ml)  mixture  with 
n -C4H9Li  (0.0275  mol)  was  carried  out  as  described  above,  except 
that  the  reaction  mixture  was  maintained  at  -78  °C.  Phenyl  isocy- 
anate (0.03  mol)  was  added;  the  reaction  mixture  was  warmed  to 
25  °C  and  poured  into  dilute  aqueous  hydrochloric  acid  (5%  ~150 
ml)  and  the  resulting  mixture  was  allowed  to  stand  for  2 h.  Extrac- 
tion (chloroform)  of  the  aqueous  layer  and  concentration  of  the  or- 
ganic extracts  afforded  6.19  g of  yellow  semisolid.  The  crude  prod- 
uct was  recrystallized  once  from  a mixture  (85:15)  of  absolute  alco- 
hol and  chloroform  to  give  4.6  g (75%,  mp  206-210  °,  lit.20  mp  208 
°C)of  12. 

Reaction  of  o-Bromobenzonitrile  and  n-Butyllithium  at 

-30  °C.  The  reaction  mixture,  prepared  as  described  in  the  gener- 
al procedure  using  1 equiv  of  n-C4H9Li  at  —78  °C,  was  allowed  to 

warm  to 30  °C  and  was  maintained  at  this  temperature  for  5 h. 

The  resulting  product  was  added  to  cold  concentrated  hydrochlo- 
ric acid  (~200  ml)  and  separated  into  neutral  and  basic  compo- 
nents by  conventional  methods.  The  isolated  neutral  component 
was  analyzed  by  GLC  [20%  SE-30  on  Chromosorb  W (60/80  mesh), 
6 ft  X 0.25  in.,  180  °C,  80  ml/min  He;  the  components  were  identi- 
fied by  coinjection  of  authentic  materials  and/or  by  isolation!  and 
was  found  to  contain  benzonitrile  (1.13  min,  ~43%  yield),  o-butyl- 
benzonitrile  [16,  ~6%  yield,  2.94  min;  NMR  (CDCI3)  4 0.95  (t,  3, 
CHs),  1.5  (m,  4,  CH2),  2.85  (t,  2,  ArCH2),  7.4  (m,  4,  aromatic  H);  ir 
kcn  2200  cm-1)  and  valerophenone  [15,  ~4%  yield,  3.13  min;  NMR 
(CDCl.i)  4 0.7-1.95  (m,  6,  aliphatic  H),  3.0  (t,  2,  ArCH2),  7.45  (m,  3, 
aromatic  H),  8.00  (m,  2,  aromatic  H)|.  The  dark  green  solid  (1.74  g) 
obtained  by  neutralization  of  the  acidic  fraction  was  multicompo- 
nent; attempts  (recrystallization,  TLC)  to  resolve  this  mixture  into 
pure  components  were  unsuccessful.  Hydrolysis  of  the  presumed 
imino  functions  with  both  ethanolic  potassium  hydroxide-water 
and  with  dilute  hydrochloric  acids  gave  mixtures  (five  colored 
bands  on  TLC);  however,  TLC  experiments  showed  that  no  an- 
thraquinone  was  present. 

Preparation  of  the  Isomeric  Bromobenzylnitriles.  o-Bromo- 
benzylnitrile2'  [17a,  NMR  (CDCI3)  6 3.82  (s,  2,  CH2>],  m-bromo- 
benzylnitrile21  [17b,  NMR  (CDCI3)  5 3.82  (s,  2,  CH2)j,  and  p-bro- 
mobenzylnitrile21  [17c,  NMR  (CDCI3)  4 3.70  (s,  2,  CH2)[  were  pre- 
pared in  good  yield  by  conventional  procedures  from  the  corre- 
sponding bromobenzyl  bromides.  The  bromobenzyl  bromides  were 
prepared  from  the  corresponding  bromotoluenes  by  bromination 
with  N-bromosuccinimide22  or  from  the  corresponding  bromoben- 
zyl alcohol23*  by  reaction  with  aqueous  hydrobromic  acid  (48%).23b 
The  latter  process  was  preferable  since  the  nitriles  obtained  were 
free  of  trace  impurities  as  determined  by  NMR  and  GLC  analysis. 

a,a-Dimethyl-o-hromobenzylnitrile  (20).  o-Bromobenzoni- 
trile (17a,  20.0  g,  0.103  mol)  dissolved  in  dimethylformamide  (40 
ml)  was  added  slowly,  under  nitrogen,  to  a mixture  of  sodium  hy- 
dride (5.2  g,  0.12  mol),  dimethylformamide  (40  ml),  and  benzene 
(20  ml)  at  0 °C.  The  mixture  was  stirred  for  0.5  h at  0 °C  and 
methyl  iodide  (17  g,  0.12  mol)  was  added  slowly.  The  resulting 
mixture  was  warmed  to  25  °C  (~0.5  h)  and  poured  into  water  (100 
ml)  and  the  aqueous  layer  was  extracted  with  four  60-ml  portions 
of  chloroform.  The  oil  (bp  103  °C  (0.2  Torr)]  obtained  from  the 
dried  chloroform  was  dissolved  in  dimethylformamide  (40  ml)  and 
re  treated,  as  above,  with  sodium  hydride  and  methyl  iodide.  The 
oil,  obtained  as  described  above,  was  distilled  to  give  pure  20  [19.5 
g,  87%  yield;  bp  95-105  °C  (~0.03  Torr);  NMR  (CDCI3)  4 1.9  (s,  6, 
CH3),  7.4  (m,  4,  aromatic  H)|. 

Anal.  Calcd  for  C|0H,0BrN:  C,  53.60;  H,  4.50;  Br,  35.66;  N,  6.25. 
Found:  C,  53.43;  H,  4.37;  Br,  35.53;  N,  6.15. 

a-Butylphenylacetonitrile  and  a,a-Dibutylphcnylacetoni- 
trile.  n-Butyllithium  (13.3  ml,  0.032  mol,  2.4  M solution  in  hex- 
ane) was  added  dropwise  to  a cold  (-78  °C,  dry  ice-acetone  bath), 
stirred  solution  of  phenylacetonitrile  (7.5  g,  0.064  mol)  in  THF 
(100  ml,  freshly  distilled  from  lithium  aluminum  hydride)  under 
an  atmosphere  of  nitrogen.  n-Butyl  bromide  (3.44  ml,  0.032  mol) 
was  added  rapidly.  The  mixture  was  warmed  to  0 °C  (5  min)  and 
cooled  to  -78  °C,  and  the  treatment  with  n-butyllithium  and  n- 
butyl  bromide  was  repeated;  the  resulting  mixture  was  warmed  to 
room  temperature  and  stirred  for  7 h.  The  mixture  was  poured 
into  water  (60  ml)  and  the  organic  layer  was  collected  in  ether. 
Analysis  of  the  oil  (11.2  g)  obtained  from  the  dry  (MgSO<)  ether 
extract  by  GLC  [20%  SE-30  on  Chromosorb  W (60/80  mesh),  6 ft  X 
0.25  in.,  230  °C,  70  ml/min  He)  indicated  three  comp9nents  in  the 
ratio  of  74:21:5  [phenylacetonitrile  (1.31  min,  ~7.5%  yield),  a- 


butylphenylacetonitrile  (3.12  min,  ~75%  yield),  and  a.a-dibutyl-  • 
phenylacetonitrile  (6.19  min,  ~16%  yield)).  The  oil  was  fractionat- 
ed and  the  fraction  [6.54  g,  bp  83-86  °C  (0.07  Torr)]  rich  in  butyl- 
ated  material  was  resolved  by  preparative  GLC  (column  as  de- 
scribed above)  to  give  the  following. 

a-Butylphenylacetonitrile  [NMR  (CDCI3)  4 0.6-2.0  (m,  9,  ali- 
phatic H),  3.7  (t,  1,  methine  H),  7.3  (s,  5,  aromatic  H)]. 

Anal.  Calcd  for  Ci  >Hi5N:  C,  83.19;  H,  8.73.  Found:  C,  83.27;  H, 
8.19. 

a,a-Dibutylphenylacetonitrile  [NMR  (CDCln)  4 0.6-2.0  (m, 
18,  aliphatic  H),  7.3  (s,  5,  aromatic  H)). 

Anal.  Calcd  for  Ci6H23N:  C,  83.79;  H,  10.11.  Found:  C,  83.88;  H, 
10.06. 

Reactions  of  Isomeric  Bromobenzylnitriles  (17a-c)  with  n- 
Butyllithium.  These  reactions  were  carried  out  essentially  as  de- 
scribed for  the  isomeric  bromobenzonitriles.  Progress  of  reactions 
was  followed  by  examining  aliquots.4* 

At  -100  °C  with  1 equiv  of  n-G4H9Li  there  was  no  evidence  of 
halogen-metal  exchange;  only  anions  18  were  formed.  Thus,  addi- 
tion of  water  to  the  product  obtained  from  17a  (5.0  g)  resulted  in 
recovery  of  only  o-bromobenzylnitrile  (4.52  g,  92%  yield).  Addition 
of  methyl  iodide  (1  equiv)  with  subsequent  warming  of  the  mixture 
to  25  °C  (2  h)  gave,  subsequent  to  distillation  [bp  70-72  °C  (0.05 
Torr))  nearly  pure  (79%)  2-(o-bromophenyl)propionitrile.  Analysis 
of  the  product  by  GLC  [5%  SE-30  on  Chromosorb  W (60/80  mesh), 

3 ft  X 0.25  in.,  140  °C,  45  ml/min  He)  showed  o-bromobenzylnitrile 
(trace)  and  a,a-dimethyl-o-bromobenzylnitrile  (5%).  Pure  2-(o- 
bromophenyl)propionitrile  [NMR  (CDCls)  4 1.59  (d,  3,  CH3), 
1.39  (q,  1,  CH),  7.35  (m,  2,  aromatic  H),  7.65  (m,  2,  aromatic  H)) 
was  collected  by  preparative  GLC  [20%  SE-30  on  Chromosorb  W 
(60/80  mesh),  6 ft  X 0.25  in.,  170  °C,  ~90  ml/min  He). 

Anal.  Calcd  for  CgHaBrN:  C,  51.46;  H,  3.84;  N,  6.66.  Found:  C, 
51.40;  H,  4.02;  N,  6.63. 

Reaction  of  17  with  2 Equiv  of  n-CgHgLi.  Results  at  -100  and 
—78  °C  are  described  in  the  discussion.  At  higher  temperatures  ex- 
tensive butylation  of  derived  anions  resulted.  Examination  of  the 
product  obtained  by  reaction  of  p-bromobenzylnitrile  with  n-bu- 
tyllithium (2  equiv;  initial  reaction  at  -78  °C,  then  aged  90  min  at 
—53  °C  and  30  min  at  —44  °C)  by  GLC  [5%  SE-30  on  Chromosorb 
W (60/80  mesh),  3 ft  X 0.25  in.,  130  °C,  45  ml/min  He]  obtained 
subsequent  to  the  addition  of  water  showed  at  least  seven  compo- 
nents. Four  of  these,  together  with  their  ratio,  were  identified  by 
NMR  and  by  coinjection  of  authentic  samples  (see  eq  2,  Scheme  II, 
in  the  discussion). 

Reaction  of  a,a-Dimethyl-o-bromobenzylnitrile  (20)  with 
n-CjHgLi.  The  reaction  was  carried  out  at  -100  °C  as  described 
for  1.  Examination  of  aliquots  (GLC)  showed  that  halogen-metal 
exchange  was  complete  in  <10  min  [the  product  obtained  subse- 
quent to  addition  of  water  was  essentially  pure  a,a-dimethylben- 
zylnitrile  (22,  100%  yield)].24  The  solution  was  allowed  to  warm  to 
room  temperature  and  was  stirred  at  25  °C  for  0.5  h prior  to 
quenching  with  water.  The  oil,  obtained  in  the  usual  way  from  the 
reaction  mixture,  was  distilled  to  give  essentially  pure  a,a-di- 
methyl-o-butylbenzylnitrile  (23):  bp  79  °C  (0.02  Torr);  molecular 
ion  m/e  201;  ir  eCN  2200  cm"1;  NMR  (CDCI3)  4 0.85-1.75  (m,  7,  ali- 
phatic H),  1.65  (s,  6,  CH3),  2.15  (m,  2,  CH2),  7.95  (m,  4,  aromatic 
H).  The  sample  submitted  for  analysis  was  collected  by  GLC  [20% 
SE-30  on  Chromosorb  W (60/80  mesh),  6 ft  X 0.25  in.,  180  °C,  70 
ml/min  He). 

Anal.  Calcd  for  C14H19N:  C,  83.53;  H,  9.51.  Found:  C,  83.76;  H, 
9.66. 

d-(p-Bromophenyl)propionamide  was  prepared  from  fMp- 
bromophcnyDpropionic  acid26  in  a conventional  way  with  thiony) 
chloride  followed  by  ammonium  hydroxide  (85%,  mp  138.5-141.5 
°C).  An  analytical  sample  was  obtained  pure  by  recrystallization 
from  a mixture  (80:20)  of  petroleum  ether15*  and  chloroform,  mp 
147-148  °C. 

Anal.  Calcd  for  CsHioBrNO:  C,  47.39;  H,  4.42;  N,  6.14;  Br,  35.04. 
Found:  C,  47.11;  H,  4.40;  N,  6.14;  Br,  35.22. 

d-(p-Bromophenyl)propionitrile  (24)  was  prepared  from  the 
corresponding  amide  by  dehydration  with  thionyl  chloride  [7  h re- 
flux, 84%  yield,  bp  1 16  °C  (0.05  Torr)]. 

Anal.  Calcd  for  CgHsBrN:  C,  51.45;  H,  3.84;  N,  6.67.  Found:  C, 
51.31;  H,  3.88;  N,  6.70. 

Reaction  of  /9-(p-Bromophenyl)propionitrile  (24)  with  n- 
C4H9LL  The  reaction  was  carried  out  at  —100  °C  as  described  for 
1.  Aliquots  were  decomposed  with  water  and  the  products  were  an- 
alyzed by  GLC  [20%  SE-30  on  Chromosorb  W (60/80  mesh),  6 ft  X 
0.25  in.,  195  °C,  90  ml/min  He).  With  ~1  equiv  of  n-C4H9Li,  the 
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ratio  of  25/24  was  17/83  after  15  min;  the  ratio  did  not  change 
after  an  additional  40  min  at  -100  °C.  An  additional  1.1  equiv  of 
n-butyllithium  was  added.  After  15  min  the  above  ratio  was  75/16; 
compound  26  was  also  detected.  The  mixture  was  continually 
stirred  at  —100  °C;  examination  of  aliquots  showed  that  the 
amount  of  24  decreased  while  the  amount  of  butylated  products 
(26  and  27)  increased.  The  mixture  was  quenched  with  water  after 
a total  of  4 h after  the  second  addition  of  n-C^HyLi.  The  mixture 
of  products  obtained  contained  phenylpropionitrile  (25,  62%),  ct- 
butyl-d-phenylpropionitrile  (26,  19%),  «-butyl-0-(p-butylphen- 
yDpropionitrile  (27,  13%),  and  an  unidentified  product.  Products 
were  collected  by  preparative  GLC. 

a-Butyl-d-phenylpropionitrile  (26):  NMR  (CDCl.d  b 0.9  (t,  3, 
aliphatic  H),  1.55  (m,  6,  aliphatic  H),  2.9  (m,  3,  aliphatic  H),  7.3 
(m,  5,  aromatic  H). 

Anal.  Calcd  for  C13H17N:  C.  83.37,  H.  9.15;  N,  7.48.  Found:  C, 
83.55;  H,  9.05;  N,  7.55. 

a-Butyl-0-(p-butylphenyl)propionitrile  (27):  NMR  (CDC13) 
b C 70-  1.9  (m,  16,  aliphatic  H),  2.2  (m,  2,  CH2),  2.85  (m.  3.  aliphatic 
H),  7.2  (m,  4,  aromatic  H). 

Anal.  Calcd  for  CI7H25N:  C,  83.89;  H,  10.35  Found:  C,  83.79;  H. 
10.60. 

p-Iodobenzylnitrile  (28).  Examination4*’  of  an  aliquot, 
quenched  with  water  taken  after  15  min  from  reaction  of  2827  with 
1 equiv  of  n-C^yLi  at  —100  °C,  showed  the  ratio  of  benzylnitrile 
to  starting  material  (28)  to  be  80/20;  starting  material  immediately 
disappeared  upon  addition  of  an  additional  0.5  equiv  of  n-C4H9Li. 
Attempts  to  trap  the  anionic  products  from  the  reaction  mixture 
with  cyclohexanone  gave  a multicomponent  mixture  (GLC)  which 
was  not  resolved. 

Registry  No.— I,  6952-59-6;  2,  100-47-0;  3,  57775-02-7;  4,  6136- 
62-5;  5,  623-00-7;  6,  57808-43-2;  7,  1503-49-7;  8,  2042-37-7;  9, 
57775-03-8;  10,  28873-85-0;  11,  57775-04-9;  12,  34446-14-5;  15, 
1009-14-9;  16,  57775-05-0;  17a,  19472-74-3;  17b,  31938-07,5;  17c, 
16532-79-9;  20,  57775-06-1;  23,  57775-07-2;  24,  57775-08-3;  26, 
54321-42-5;  27,  57775-09-4;  28,  51628-12-7;  n-butyllithium,  109- 
72-8;  benzophenone,  119-61-9;  methyl  benzoate,  93-58-3;  cyclo- 
hexanone, 108-94-1;  methyl  acrylate,  96-33-3;  phenyl  isocyanate, 
103-71-9;  phenylacetonitrile,  140-29-4;  n -butyl  bromide,  109-65-9; 
a-butylphenylacetonitrile,  3508-98-3;  a.a-dibutylphenylacetoni- 
trile,  3508-99-4;  2-(o-bromophenyl)propionitrile,  57775-10-7;  0- 
(p-bromophenyl)propionamide,  57775-11-8;  0-(p-bromophen- 
yDpropionic  acid,  1643-30-7. 
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The  preparation  of  a benzoylbenzoic  acid  by  reaction  of 
Grignard  reagents  with  phthalic  anhydride2-4  offers  advan- 
tages over  the  usual  synthesis  involving  phthalic  anhy- 
dride, aromatic  hydrocarbons,  and  aluminum  chloride  in 
that  isomers  can  be  obviated  when  substituted  aromatic 
compounds  are  employed.  The  method  is  limited,  however, 
since  Grignard  reagents  cannot  be  employed  if  the  aromat- 
ic system  contains  functional  groups  that  react  with  Gri- 
gnard reagents.  Since  it  has  been  shown5-8  that  organolithi- 
um  reagents  can  be  prepared  at  low  temperature  by  halo- 
gen-metal  exchange  of  aryl  bromides  substituted  with 
groups  normally  reactive  toward  Grignard  reagents  (COO-, 
CN,  NO2),  the  reaction  of  aryllithium  reagents  with  phthal- 
ic anhydride  has  been  examined  as  a route  to  o-benzoyl- 
benzoic  acids  substituted  with  cyano  functions.  Previously, 
there  has  been  little  work  related  to  the  reaction  of  arylli- 
thium with  phthalic  anhydride.  Wittig  and  Leo  report9  that 
the  reaction  of  phenyllithium  with  phthalic  anhydride 
gives  only  a resinous  compound  and  triphenylcarbinol, 
while  Wilson  reported  an  unworkable  oil  from  which  some 
diphenylphthalide10  was  isolated  by  distillation. 

The  reaction  of  organometallic  reagents  with  phthalic 
anhydride  is  thought  to  proceed  as  shown  in  Scheme  I.  The 
products  are  generally  o-benzoylbenzoic  acids  (4)  and/or 
phthalides  (5).  Initially  it  was  hoped  that  at  low  tempera- 
ture, the  equilibrium  between  the  lithium  salts  3 and  4 
might  favor  3,  which  would  obviate  the  necessity  of 
employing  inverse  addition  and/or  an  excess  of  phthalic  an- 
hydride to  minimize  phthalide  (5)  formation.3  However, 
preliminary  experiments  using  phenyllithium  showed  that 
this  was  not  the  case.  When  phthalic  anhydride  (1  equiv) 
was  added  to  phenyllithium  (1  equiv)  at  —78  °C  the  yield 
of  phthalide  5a  was  78%  base  on  phenyllithium.  When  the 
same  ratios  were  maintained  but  the  order  of  addition  re- 
versed, the  yield  of  isolated  phthalide  5a  was  9%  while  the 
yield  of  o-benzoylbenzoic  acid  was  35%.  Furthermore,  the 
yield  of  o-benzoylbenzoic  acid  was  further  increased  (55%) 
when  excess  (2  equiv)  of  phthalic  anhydride  was  employed. 

In  subsequent  experiments,  the  aryllithium  reagent  was 
added  rapidly  to  2 equiv  of  phthalic  anhydride  in  tetrahy- 
drofuran  at  —1(H)  °C.  Reasonably  good  yields  of  substituted 
benzoylbenzoic  acids  were  obtained;  the  results  are  summa- 
rized in  Table  I 


Scheme  I 


b,  R — OCHj(ortho) 

c,  R =■  CN  (ortho ) 

d,  R = CN  (meta) 

e,  R = CN(para) 

f,  R = NO  , (ortho) 


Table  I.  Reactions  of  Aryllithium  Derivatives  with  Phthalic 
Anhydride 


Aryl  halide 

Product^ 

Yield,  % 

Mp,  °C 

o-CH.iOCsH^Br  (lb) 

4b  (M  = H) 

70 

142-144° 

o-NCC6H4Br(lc) 

4c  (M  = H) 

87 

146-1471’ 

mNCCsH4Br  (Id) 

4d(M  = H) 

60 

175-176° 

p-NCC6H4Br(le) 

4e(M  = H) 

71 

179-1864 

o-02NCsH4Br(in 

4f  (M  = H) 

43 

174-1761, 

" Lit.4  145-146  °C  from  CH3COOH.  * 

From  H20.  e 

From  etha 

nol.  d From  ethanol-water. ' From  CHCI3. 1 Satisfactory  analytical 
data  (±0.3%  for  C,  H,  N)  for  all  new  compounds  were  submitted 
for  review. 
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COO' 

Li 


COOH 


7T  C°’CH’  + 7 


CH:, 

9 


COOH 


10(47%) 


T w 

o 

8(40%) 


O 


Incidental  to  this  study  certain  heterocyclic  analogues  of 
o-benzoylbenzoic  acid  were  conveniently  prepared  by  ad- 
aptation of  the  method  previously  described7  for  benzoyl- 
benzoic  acid  as  shown  in  Scheme  II.11 

The  combination  of  these  two  methods  provides  consid- 
erable flexibility  for  the  synthesis  of  o-aroylbenzoic  acids 
not  easily  available  by  other  routes. 

Experimental  Section 

General  Procedure.  Aryllithium  derivatives  2 were  prepared 
from  the  corresponding  aryl  halides  1 (0.02  mol)  in  tetrahydrofu- 
ran  (80  ml  distilled  from  LiAlH4)  with  n-butyllithium  (9  ml  of  2.3 
M solution  in  hexane,  0.02  mol)  at  -100  °C  as  previously  de- 
scribed6" and  were  added  (pumped  by  nitrogen  pressure)  as  rapid- 
ly as  possible  to  a solution  of  phthalic  anhydride  (0.04  mol)  in  125 
ml  of  dry  tetrahydrofuran  at  -100  °C.  The  mixture  was  main- 
tained at  -100  °C  for  1 h and  then  allowed  to  warm  to  room  tem- 
perature. Tetrahydrofuran  was  removed  (in  vacuo)  and  the  solid 
residue  shaken  with  a mixture  of  ether  (60  ml)  and  water  (100  ml). 
The  aqueous  solution  was  made  acidic  with  hydrochloric  acid  and 
was  extracted  with  ether.  The  ether  was  extracted  with  saturated 
sodium  bicarbonate  to  remove  acid.  Phthalides  5 were  obtained 
from  the  ether  layer.  The  alkaline  extract  was  acidified  and  the 
solid  was  collected  and  recrystallized  as  described  in  Table  I. 


2-(2-Furoyl)benzoic  acid  (8)  was  prepared  from  lithium  o- 
lithiobenzoate  (from  0.05  mol  of  o-bromobenzoic  acid)  as  de- 
scribed6 and  2-methylfuroate.  After  warming  the  mixture  to  room 
temperature,  the  tetrahydrofuran  was  removed  in  vacuo  and  water 
(250  ml)  was  added  to  the  residue.  The  aqueous  solution  was 
washed  with  ether,  acidified  with  hydrochloric  acid,  and  extracted 
with  ether  (3  X 30  ml).  The  dried  (MgS04)  ether  extracts  were 
evaporated  in  vacuo  to  give  the  crude  acid  as  an  oil  which  crystal- 
lized when  treated  with  ethyl  acetate  followed  by  evaporation  of  all 
solvent  (5.5  g,  52%  yield,  mp  150-153  °C,  mp  154-156  °C  from 
ethyl  acetate);  i'C  O 1660, 1700  cm'1. 

Anal.  Calcd  for  C,2H804:  C,  66.67;  H,  3.73.  Found:  C,  66.50;  H, 
3.95. 

2-(l-Methyl-2-indoloyl)benzoic  acid  (10)  was  prepared  from 
methyl  1 -methylindole-2-carboxylate  (0.03  mol)  essentially  as  de- 
scribed for  8.  Tetrahydrofuran  was  removed  from  the  crude  reac- 
tion mixture  in  vacuo  and  water  (250  ml)  was  added  to  the  residue. 
The  resulting  mixture  was  extracted  with  ether.  From  the  ether 
extract  there  was  obtained  0.38  g (7%)  of  starting  ester.  The  mix- 
ture of  acids  obtained  by  acidification  of  the  alkaline  layer  was  col- 
lected (ether  extraction)  and  recrystallized  from  benzene  to  give 
4.00  g (47%  yield)  of  pure  2-(l-methyl-2-indoloyl)benzoic  acid  (10), 
mp  164-165  °C. 

Anal.  Calcd  for  C17Hi3N03:  C,  73.10;  H,  4.69;  N,  5.01.  Found:  C, 
72.97;  H,  4.62;  N,  4.91. 

Evaporation  of  the  benzene  from  which  10  was  crystallized  gave 
a semisolid  to  which  some  cold  ether  was  added.  The  resulting 
solid  was  collected  and  recrystallized  from  ethyl  acetate  to  give 
0.88  g (mp  131-132  °C  10%  yield)  of  lactone  11. 

Anal.  Calcd  for  C21H21NO2:  C,  78.96;  H,  6.62;  N,  4.38.  Found:  C, 
78.93;  H,  6.50;  N,  4.34. 

Registry  No.— lb,  578-57-4;  lc,  2042-37-7;  Id,  6952-59-6;  le, 
623-00-7;  If,  577-19-5;  4b,  1151-04-8;  4c,  57901-51-6;  4d,  57901- 
52-7;  4e,  20643-60-1;  4f,  57901-53-8;  6,  611-13-2;  8,  57901-54-9;  9, 
37493-34-8;  10,  57901-55-0;  11,  57901-56-1;  phthalic  anhydride, 
85-44-9;  lithium  o-lithiobenzoate,  57901-57-2. 
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n Butyllithium  reacts  selectively  at  -100  °C  in  THF-hexane  with  tert- butyl  p-bromobenzoate  by  halogen- 
metal  exchange;  the  resulting  tert - butyl  p-lithiobenzoate  is  stable  at  —100  °C  and  can  be  elaborated  in  high  yield 
to  give  para-substituted  terf- butyl  benzoates  by  reactions  with  electrophiles.  The  less  hindered  isopropyl  esters  are 
not  stable  to  aryllithium  at  — 100  °C  unless  further  hindered  by  ortho  substitution. 


Considerable  progress  has  been  made  recently  in  devel- 
oping improved  procedures  for  the  elaboration  of  aromatic 
acids  utilizing  derived  aryllithium  reagents.  The  method  of 
Meyers'2  involving  direct  ortho  metalation  of  oxazolines  de- 
rived from  aromatic  acids  would  appear  to  be  the  method  of 
choice  for  symmetrically  substituted  2-aryloxazolines,  since 
the  ortho-substituted  aryl  halide  corresponding  to  the  position 
of  lithiation  is  not  a required  intermediate  as  in  halogen-metal 
exchange  reactions.  The  alternative  procedure,1*11  developed 
in  our  laboratory,  involving  direct  halogen-metal  exchange 
of  the  lithium  salts  of  bromoarylcarboxylic  acids  at  very  low 
temperature  ( — 100  °C)  affords  g<x>d  yields  of  elaborated  acids, 
subsequent  to  reaction  with  E+.  In  addition,  the  process  is 
positionally  selective  at  the  site  occupied  by  bromine  in  the 
starting  acid  and  is  applicable  to  o-,  m-,  or  p-bromobenzoic 
acids,  as  is  the  complementary  procedure  employing  oxazo- 
lines to  mask  carboxyl  functions  to  Grignard  reagents.4 

It  has  been  shown  that  stable  aryllithium  reagents  can  be 
prepared  at  -100  °C  with  a variety  of  aryl  bromides  con- 
taining reactive  functional  groups  (COO-,3  CN,S  CH2CI,1’ 
CHzCHzBr,6  o-N027);  however,  similar  reactions'*  with  aryl 


halides  containing  methyl  ester  functions  are  of  limited  syn- 
thetic utility  since  the  derived  aryllithium  reagents  either 
self-condense  or  react  with  unchanged  bromoaryl  ester  at  low 
temperature  (-78  -»  —100  °C)  to  give  high  yields  of  methyl 
benzoylbenzoates.  In  order  to  further  define  the  limitations 
for  synthetic  reactions  of  aryllithium  reagents  containing  ester 
functions,  we  have  examined,  as  model  compounds,  halo- 
gen-metal exchange  with  tert -butyl  p-bromobenzoate,  iso- 
propyl p-bromobenzoate,  and  isopropyl  o-bromobenzoate.  In 
all  cases,  progress  of  halogen-metal  exchange  was  followed 
by  quenching  aliquots  with  water  and  determining  (by  NMR, 
GLC,  and  isolat  ion  of  products)  the  ratio  of  starting  bromoaryl 
ester  to  ester  derived  by  replacing  bromine  with  hydrogen. 

While  reaction  of  tert-butyl  p-bromobenzoate  (la)9  with 
n-propyllithium  in  ether  at  —40  °C  is  reported  to  involve 
preferential  addition  of  alkyllithium  to  the  ester  function,  the 
reaction  of  la  with  n-butyllithium  in  THF-hexane  at  -100 
°C  involves  selective  halogen-metal  exchange  to  give  only  2a. 
Reaction  was  complete  after  5 min  at  -100  °C,  and  good  yields 
(isolated)  of  elaborated  aryl  esters  were  obtained  by  reaction 
of  2a  with  suitable  electrophiles  as  shown  in  Scheme  I. 


Halogen-Metal  Exchange  in  Esters  of  Haloaryl  Acids 
Scheme  I 
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a,  R — K\Ha 

b,  R — i-C3H7 


CO.R 


0 

6a  (54%) 


While  2a  is  stable  (during  2-h  period  examined)  at  —100  °C, 
some  loss  to  condensation  products  waft-observed  when  the 
solution  containing  2a  was  warmed  to  —78  °C  (1  h);  extensive 
reaction  occurred  to  give  an  unresolved  multicomponent 
mixture  (TLC)  of  presumably  higher  condensation  products 
when  the  solution  containing  2a  was  warmed  to  —20  °C. 

Reaction  of  the  less  hindered  ester  isopropyl  p-bromo- 
benzoate  (lb),  under  similar  conditions  with  n-butyllithium 
at  -100  °C,  was  rapid  (complete  disappearance  of  lb  after  5 
min);  however,  a complex  mixture  of  products  resulted  when 
the  reaction  mixture  was  quenched  with  water.  Products 
identified  were  isopropyl  benzoate  (3b,  9%  yield),  isopropyl 
(p-bromobenzoyl)benzoate  (~26%  yield),  and  the  carbinol 
corresponding  to  addition  of  n-butyllithium  to  isopropyl 
(p-bromobenzoyl)benzoate  (~19%  yield,  slightly  impure) 
together  with  considerable  material  (low  R/)  assumed  to  be 
higher  molecular  weight  condensation  products.  These 
products  are  analogous  to,  but  more  complex  than,  those  re- 
ported* from  the  corresponding  methyl  ester  of  p-bromo- 
benzoic  acid. 

The  ester  function  in  isopropyl  o-bromobenzoate  (7)  is 
sufficiently  hindered  to  permit  complete  halogen-metal  in- 
terchange to  give  8.  Studies  of  aliquots  showed  only  isopropyl 
o-lithiohenzoate  (8)  after  5 min  at  — 100  °C;  the  composition 
of  aliquots  taken  over  a 2-h  period  at  —100  °C  showed  no  ap- 
preciable change.  When  the  solution  containing  8 was 
quenched  at  -100  °C,  shortly  after  its  formation,  with  excess 
cyclohexanone,  a mixture  was  obtained  from  which  the  ex- 
pected lactone  9 was  isolated  in  43%  yield;  N-phenylphthali- 
mide  ( 1 0)  was  isolated  in  53%  yield  when  the  reaction  mixture 
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was  quenched  with  excess  phenyl  isocyanate.  These  routes  to 
9 and  iO  are  inferior  to  those  previously  described  from  o- 
bromobenzoic  acid:,a  or  from  o-bromobenzonitrile.'1  When  the 
solution  of  8 was  warmed  to  -75  °C  it  decomposed  to  a com- 
plex unresolved  mixture,  a result  in  contrast  to  similar  reac- 
tions8 with  methyl  o-bromobenzoate  which  gave  high  yields 
(88%)  of  methyl  p- benzoyl  benzoate. 

In  summary,  stable  aryllithium  reagents  can  be  prepared 
and  elaborated  in  good  yields  with  electrophiles  provided  that 
the  ester  is  derived  from  a tertiary  alcohol  or  is  otherwise 
sterically  hindered.  These  procedures  are  not  only  useful  for 
preparation  of  substituted  benzoic  esters  and  acids  derived 
from  them,  but  may  offer  advantages,  in  certain  cases,  to  di- 
rect use  of  haloaryl  acids,  since  the  lithioaryl  esters  are  gen- 
erally more  soluble  at  —100  °C  than  the  corresponding  lith- 
ioaryl carboxylates.:!a 

Experimental  Section 

Reaction  of  tert-Butyl  p-Bromobenzoale  (la).  General  Pro- 
cedure. l-(p-Carbo-tert-butoxyphenyl)cyclohexanol  (5a).  n- 

Butyllithium  (7.9  ml,  0.0195  mol,  2.45  M solution  in  hexane)  was 
added,  at  a rate  such  that  the  temperature  did  not  exceed  -100  °C, 
to  a cold  (—100  °C,  liquid  nitrogen/diethyl  ether  bath)  mixture  of 
fert-butyl  p-bromobenzoate  (NMR  (CDCI3)  61.56  (s,  9,  CHi),  7.45 
(m,;i,  ArH),  8.05  (m,  2,  ArH)|  (5.0  g,  0.0195  mol),  tetrahydrofuran  (130 
nil,  freshly  distilled  from  LiAlH<),  and  hexane  (35  ml,  stored  over 
molecular  sieves).  The  mixture  was  stirred  for  5 min  at  —105  °C  and 
cyclohexanone  (2.45  g,  0.025  mol)  was  added  at  a rate  such  that  the 
temperature  was  maintained  at  -98  °C.  The  resulting  mixture  was 
stirred  for  5 min,  allowed  to  warm  to  room  temperature,  and  then 
poured  into  water  ( — 100  ml).  The  aqueous  layer  was  extracted  with 
ether.  The  white  solid  (5.78  g,  mp  91-108  °C)  obtained  from  the  dried 
(MgS04)  ether  extract  was  recrystallized  from  petroleum  ether  (bp 
63-75  °C)  to  give  5.39  g (75%  yield)  of  5a  [mp  128-129  °C;  NMR 
(CDCI3)  6 1.60  (s,  9,  CH.d,  1.45-2.00  (m,  11,  aliphatic  H and  OH),  7.59 
(d,  2,  ArH),  7.98  (d,  2,  ArH)|. 

Anal.  Calcd  for  CnH-^Oa:  C,  73.88;  H,  8.75.  Found:  C,  73.97;  H, 
8.71. 

Other  compounds  shown  in  Scheme  1 were  prepared  similarly 

tert-Butyl  Benzoate  (3a):  78%  yield;  bp  44  °C  (0.03  Torr):  n25n 
1.4886  ( lit.  10n'2fT>  1.4896). 

Triarylcarbinol  4a.  From  0.02  mol  of  la  and  1 molar  equiv  of 
n-Bul.i,  henzophenone  (0.025  mol)  in  dry  THF  (30  ml)  was  added  at 
-100  0 C.  The  crude  product  (9.20  g)  was  recrystallized  from  petro- 
leum ether  (bp  60-90  °C)  to  give  a 76%  yield  of  4a  [mp  115-116  °C; 
NMR  (CDCla)  6 1.60  (s,  9,  CH:1>,  3.25  (s,  1,  OH),  7.30  (s,  10,  ArH),  7.35 
(d,  2,  ArH),  7.92  (d,  2,  ArH)|. 

Anal.  Calcd  for  C24H240:1:  C,  79.97;  H,  6.71.  Found:  C,  80.25;  H, 
6.48. 

p-Carbo-ferf-butoxy- /V-phenvIbenzamido  (6a).  From  0.02  mol 
of  la  and  1 molar  equiv  of  n-BuLi,  phenyl  isocyanaie  (0.02  mol)  in 
dry  THF  (~15  ml)  was  added  at  —95  °C.  The  crude  solid  (6.10g,  mp 
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* 121-131  °C)  was  recrystallized  from  a mixture  (80/20)  of  petroleum 

ether  (bp  90-110  °C)  and  chloroform  to  give  a 54%  yield  of  6a  [mp 
147-148  °C;  NMR  (CDC1.,)  fi  1.60  (s,  9,  CH3),  7.50  (m,  5,  ArH),  7.90 
(m,  4,  ArH),  8.45  (broad  s,  1,  NH)]. 

Anal.  C’alcd  for  CisH|9N03:  C,  72.71;  H,  6.44;  N,  4.71.  Found:  C, 
72.93;  H,  6.52;  N,  4.53. 

Reactions  of  Isopropyl  p-Bromobenzoate  (lb).  Reactions  with 
isopropyl  p-bromohenzoate  [bp  80  °C  (0.03  Torr),  86%  yield  from 
p-bromobenzoyl  chloride  and  2-propanol;  composition  analysis  in 
agreement  with  CioHuBrO-z;  NMR  (CDCI3)  b 1.45  (d,  6,  CH3),  5.40 
(m.  1,  CH),  7.50  (m,  3,  ArH),  8.15  (m,  2,  ArH)]  were  carried  out  as 
described  for  la.  Aliquots  taken  after  5 min  showed  considerable 
amounts  of  condensation  products.  The  mixture  was  stirred  for  a total 
of  50  min  at  — 105  °C  and  then  poured  into  water.  The  organic  product 
obtained  from  the  dried  (MgS04)  ether  extracts  showed  at  least  seven 
components  by  TLC.  A portion  (500  mg)  of  the  product  was  purified 
bv  preparative  TLC  (silica  gel,  fluorescent  indicator,  petroleum  ether 
(bp  30-60  °C)  and  ether  mixture  (90/10)  as  eluent]  to  give  in  order 
of  decreasing  ft/  ( 1 > isopropyl  benzoate  [9%  yield;  NMR  (CDC13)  b 1.45 
(d,  6,  CHjI.  5.40  (m,  l,  CH),  7.50  (m,  3,  ArH),  8.15  (m,  2,  ArH)];  (2) 
isopropyl  p-bromobenzoylbenzoate  [26%  yield,  mp  82-83  °C  from 
petroleum  ether  (bp  60-90  °C);  NMR  (CDCI3)  5 1.45  (d,  6,  CH3),  5.38 
(m.  1,  CH),  7.71  (s,  4.  ArH),  7.85  (d,  2,  ArH),  8.1  (d,  2,  ArH)  (Anal. 
Calcd  for  C,:Hi;,Br03:  C,  58.81;  H,  4.85;  Br,  23.02.  Found:  C,  58.77; 

H,  4.42;  Br.  23.16)];  (3)  an  oil,  slightly  impure  alcohol  corresponding 
to  the  product  obtained  by  addition  of  n-butyllithium  to  isopropyl 
p-bromobenzoylbenzoate  [19%  yield;  NMR  (CDCI3)  b 0.9  (t,  3,  CH3), 

I. 40  (d,  —6,  CH,),  1.40  (m,  ~6,  CH2>,  5.35  (m,  1,  CH),  7.55  (m,  6,  ArH), 
8.10  (d,  2,  ArH);  ir  (CCI4)  coh  3440  cm-1,  r>c— o 1710  cm-1];  and  (4) 
the  major  fraction,  with  low  ft/,  which  was  a complex  mixture. 

Reactions  of  Isopropyl  o-Bromobenzoate  (7).  Isopropyl  o- 
bromobenzoate  |7,  83%  yield  from  o-bromobenzoyl  chloride  and  2- 
propanol,  bp  86-87  °C  (0.01  Torr);  NMR  (CDC1.,)  h 1.38  (d,  6,  CH3), 
5.13  (m.  1,  CH),  7.43  (m,  4,  ArH)  (Anal.  Calcd  for  CioHuBrC>2:  C, 
49.41;  H,  4.56;  Br,  32.87.  Found:  C,  49.18;  H,  4.58;  Br,  32.76)]  was 
treated  with  n-BuLi  as  described  for  la.  Studies  (NMR)  of  aliquots 
taken  after  5 min  showed  absence  of  starting  bromo  ester  and  only 
isopropyl  benzoate. 

Lactone  9.  To  the  solution  prepared  from  bromo  ester  7 (0.0206 
mol)  and  n-BuLi  stirred  for  20  min  at  —105  °C  was  added  cyclo- 
hexanone (0.03  mol)  in  dry  THF  (~25  ml)  at  -100  °C.  The  resulting 
solution  was  allowed  to  warm  to  10  °C  and  was  poured  into  dilute 
hydrochloric  acid  ( — 100  ml).  The  acidic  solution  was  extracted  with 
ether  and  the  organic  material  obtained  from  the  dried  (MgS04)  ether 
extracts  was  saponified  (1.5  h)  with  hot  90%  ethanolic  KOH.  The 
solution  was  cooled  and  extracted  with  ether  (the  ether  extract  con- 
tained 1.39  g of  an  oil  which  was  resaponified  and  reprocessed  to  give 
0.34  g,  9%  yield,  of  lactone  9).  The  alkaline  mixture  was  made  acidic 
(pH  '-2)  with  concentrated  hydrochloric  acid  and  warmed  at  50  °C 


for  5 min.  The  cooled  solution  was  extracted  with  ether,  which  was 
subsequently  washed  rapidly  with  cold  5%  aqueous  NaOH.  Lactone 
9 (1.35  g,  34%  yield,  total  yield  43%,  mp  and  mmpft  79-80  °C)  was 
obtained  from  the  dried  (MgS04)  ether  extract  by  recrystallization 
of  the  crude  product  from  petroleum  ether  (bp  30-60  °C). 

N-Phenylphthalimide  (10).  Phenyl  isocyanate  (0.05  mol)  in  dry 
THF  (~25  ml)  was  added  at  -98  °C  to  the  solution  prepared  from 
isopropyl  o-bromobenzoate  (0.020  mol)  5 min  after  the  addition  of 
n-BuLi.  The  mixture  was  allowed  to  warm  to  25  °C  and  was  poured 
into  water  (~100  ml).  Phthalimide  10  (mp  208-210  °C,  from  etha- 
nol/chloroform, mmp  206-209  °C,  lit."  mp  208  °C)  was  obtained  in 
53%  yield  by  recrystallization  of  the  solid  mixture  obtained  from  the 
dried  (MgS04)  organic  extracts.  The  concentrated  mother  liquor 
contained  A/A"- diphenyl  urea  (mp  237-242  °C  dec,  lit.12  239  °C, 
separated  by  trituration  with  petroleum  ether  in  which  the  urea  has 
limited  solubility)  and  a product  assumed  to  be  slightly  impure  iso- 
propyl A/-phenylcarbamate  |mp  85-86  °C,  by  preparative  TLC  with 
subsequent  recrvstallization  from  petroleum  ether  (bp  30-60  °C);  lit.13 
mp  86  °C;  NMR  (CDC13)  b 1.30  (d.  6,  CH3),  5.05  (m,  1,  CH),  6.6  (broad 
s,  1,  NH),  7.20  (m,  5,  ArH);  ir  (KBr)  ,.N  H 3300  cm-1,  i/c-o  1710 
cm-1]. 

Anal.  Calcd  for  C,„H,  ,N02:  C,  67.02;  H,  7.82;  N,  7.82.  Found:  C, 
67.56;  H,  7.24;  N,  7.82. 

Registry  No.— la,  59247-47-1;  lb,  59247-48-2;  3a,  774-65-2;  4a, 
59247-49-3;  5a.  59247-50  6;  6a.  59247-51-7;  7, 59247-52-8;  9, 5651-49-0; 
10,  520-03-6;  n-butyllithium,  109-72-8;  cyclohexanone,  108-94-1; 
henzophenone,  119-61-9;  phenyl  isocyanate,  1 03-7 1 -9;  p bromoben 
zoyl  chloride  586-75-4;  2-propanol,  67-63-0;  isopropyl  benzoate, 
939-48-0;  o-bromobenzoyl  chloride,  7154-66-7;  isopropyl  n-phenyl- 
carhamate,  122-42-9;  isopropyl  p-bromobenzoylbenzoate,  59247- 
53-9. 
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Reaction  of  a series  of  2,6-dibrnmo-substituted  aromatic  systems  with  1 equiv  of  n-luityllithium  at  -100  °C  re- 
sults in  high  selectivity  of  halogen-  metal  exchange  when  the  substituent  contains  unshared  electrons.  The  results 
suggest  that  product  distribution  at  -100  °0  is  determined  by  thermodynamic  rather  than  kinetic  factors.  Fair  to 
excellent  yields  of  derivatives  of  the  monolithium  intermediates  have  been  obtained.  Reaction  of  2,5-dibromopvri 
dine  with  1 equiv  of  n-Bul.i  gives  exclusively  2-bromo-ft-lithiopyridine,  which  was  converted  in  high  yield  into  2- 
bromo-5-deuteriopyridine.  Reactions  of  2-  and  3-lithiopyridine,  including  their  exchange  with  2-  and  3-bromopyri- 
dine,  are  described. 


While  selective  metalntion  of  substituted  aromatic  sys- 
tems with  alky  Hit  hium  generally  occurs  ortho  to  groups  con- 
taining unshared  electrons,  an  effect  attributed  to  coordina- 
tion of  lithium  with  the  attached  functional  group, a there  has 
been  little  attention  afforded'1  to  selective  halogen  -lithium 
exchange  in  substituted  dibromobenzenes  (Scheme  1).  Ex- 


Scheme  I 


2 3 


tensive  studies  by  Oilman  and  his  co-workers1  have  estab- 
lished that  halogen  metal  exchange  involves  an  equilibrium 
between  reactants  and  products  in  which  the  lithium  atom 
resides  principally  on  the  more  electronegative  carbon  atom, 
'lints,  one  might  anticipate  that  exchange  in  dibromobenzenes 
of  type  I would  lead  to  a thermodynamically  controlled  mix- 
ture of  2 and  .1,  possibly  independent  of  kinetic  factors  which 
might  influence  the  proportion  of  2 and  3 formed  initially. 

Since  we  were  specifically  interested  in  possible  utilization 
of  intermediates  of  type  2 and/or  3 for  synthetic  purposes,  we 
have  examined  exchange  in  I with  1 equiv  of  n-C|H.,Li  in 
Ictrahydrofuran  (THE)  at  very  low  temperature  (-100  °C). 
The  course  of  reactions  was  determined  by  examining  aliquots 
quenched  with  water,  which  were  subsequently  analyzed  for 
starting  material  and  the  isomeric  monobromolrenzenes  de- 
rived from  2 and  3 by  (ILf  and/of  NMR.  With  the  exception 
of  le,  ’ exchange  was  quite  rapid  and  no  appreciable  change 
in  ratio  of  products  was  obserxed  after  a few  minutes.  The 
results  obtained  are  shown  m Table  I. 

It  isapparenl  that  the  product  distribution  shown  in  Table 
I does  not  correlate  wit  li  1 1 am  melt  a fund  ions  (electrophilic 
substitution);  ’1'  however,  with  the  possible  exception  of  car- 
boxylate,7  the  lithium  atom  in  the  product  is  preferentially 
located  on  the  most  electronegative  carlron  atom  as  judged  by 


the  inductive  effect  of  the  subst  ituent.  Whether  this  result  is 
indeed  a function  of  the  inductive  effect  or  a consequence  of 
stabilization  of  the  product  by  coordination  of  lithium  with 
the  substituent  is  not  known;  results  with  2,5-dibromopyri- 
dine,  discussed  subsequently,  suggest  the  latter  and  that  the 
products  are  those  determined  by  thermodynamic  control. 

In  certain  cases  thearvllithiuin  derivatives  of  I were  elab- 
orated by  reaction  with  electrophiles.  Warming  the  product 
derived  from  la  effected  alkylation  by  n-(’  |H.iBr,  formed  by 
exchange,  to  give  a 70%  yield  of  5-bromo-2-n-bulyltoluene  and 
2-bromo-5-/i-hutyItoluene  in  the  approximate  ratio  of  3/7. 
Decomposition  of  the  product  from  1c  with  water  gave  a 70% 
yield  (isolated)  of  3-bromo-A',/Y-dimcthvlanilinc:  reaction  of 
the  product  from  1 e with  benzophenone  gave  carbinol  1,  iso- 
lated  pure  in  34%  yield.  Treatment  of  the  aryllithium  obtained 
from  Id  with  benzophenone  gave  5-bromo-l ,1 -dipbenyl- 
phthalide  (5,  pure  42%  yield)  while  reaction  of  the  product 


from  Id  with  cyclohexanone  gave  lactone  G and  the  acid  7, 
isolated  pure  in  45  and  5%  yields,  respectively.  The  structure 
of  7 was  assigned  bv  comparison  of  its  NMR  spectrum  with 
those  of  methyl  2-bromobenzoate  and  methyl  3-bromoben- 
zoalc.8 

Reaction  of  2,5-dibromopyridine  (8)  with  1 equiv  of  rt- 
C|H.|l.i  at  —100  °('  was  rapid  and  complete  and  gave  >99% 
2 hromn-5  lithiopyridinc  (!),  Scheme  II).  The  product  ob- 
tained by  addition  of  water  was  essentially  pure  3-bromopy- 
ridine  (Id);  3 bromopyridine  was  detect ible  (~1%)  by  (1LC. 
Elaboration  ol  9 with  lKSO,  gave  a quantitative  yield  of  2- 
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Table  I.  Keaclions  of  1 with  n-CiH.jLi 


Reactant  1 

% exchange® 

Ortho 

lithiation 

(ratio) 

Meta 

lithiation 

(ratio) 

la  (R  = CH  d 

100 

30h 

701’ 

lb  (R  = NO.) 

100 

100' 

0C 

le  [R  = N(CH:1),.| 

100 

95 

5 

Id  (R  = CO,") 

91 d 

00'1 

~10‘' 

le  (R  = NH  ) 

10'- 

(V 

100" 

" Ba-cd  on  ratio  of  monobromobenzenes  to  l in  aliquots  as 
determined  by  G!,C.  '’The  ratio  of  monobromobenzenes  was 
determined  by  NMR.  The  ratio  of  o-bromotoluene  and  m-bro- 
motoluene  did  not  change  when  excess  dibroinotoluene  was  added 
to  the  lithiated  product.  ' Considerable  by-products  formed,  thus 
it  is  probable  that  metalation  also  occurred  at  the  meta  position.1’ 
The  only  monobromobenzene  detected,  isolated  (50% yield),  was 
pure  m -bromonitrobetizene.  d Treatment  of  crude  products  with 
CH  .No  and  analysis  of  esters  by  GI,C;  NMR  of  monobromides 
established  nearly  exclusive  ortho  lithiation. ' Three  equivalents 
of  iV  C.H  d,i  at  -78  ®C;  products  resulting  from  butylation  by 
derived  r.  -C.,H.iBr  were  observed  and  studies  at  higher  temper- 
ature were  not  conducted.  At  —100  °C  and  with  3 equiv  ot  n- 
('iHaLi  no  exchange  was  observed. 


Scheme  II 


broinopyridine  (II)  which,  by  mass  spectral  analysis  showed 
8r>”..  incorporation  of  deuterium. 

'[’he  high  selectivity  of  lithium  -halogen  exchange  at  the  5 
position  of  8 was  not  expected  since  the  2 position  in  pyridine 
is  more  electron  deficient  (more  electronegative)  than  the  5 
position.  Furthermore,  if  initial  coordination  of  n-butyllith- 
ii"!i  with  the  heteroatom'  is  to  play  a role  in  determining 
initi  al  exchange,  then  the  2 position  would  be  favored.  The 
above  results  are,  however,  consistent  with  the  thermody- 
namic stability  of  the  corresponding  derived  lithiopyridines 
(Scheme  111).  3-I.ithinpyrkline  (13),  formed  rapidly  and  nearly 
quantitatively  at  -1(H)  °C  from  12,  does  not  undergo  ex- 
change1 with  2-bromopyridine  (-100  °C,  50  min);  recovered 
2-bromopyridine  (70%)  contained  only  a trace  of  3-broino- 
pyridine  which  is  (bought  to  be  a consequence  of  incomplete 
initial  exchange  from  12.  By  contrast,  2-lithiopyridine  (14), 
formed  rapidly  and  in  high  yield  at  —100  °C  from  2-bromo- 
pyridine (10),  undergoes  rapid  exchange  with  3-bromopyri- 
dineat  -100  °C  to  give  2-bromopyridine  and  3-lithiopyridine. 
The  ratio  of  2-bromopyridine  and  3-bromopyridine  (after 
water  quench)  was  79/21  after  20  min  at  —100  °C.  That  this 
ratio  was  not  higher  is  thought  to  reflect  the  fact  that  2- 
lithiopyridine  is  more  reactive  than  3-lithiopyridine  and  is 
partly  consumed  at  -100  °C  by  2-bromopyridine;  conse- 
quently stoichiometry  for  complete  exchange  could  not  be 
maintained. 

It  is  interesting  to  note  that  heteroatoms  as  shown  in  15f2,l° 
and  presumably  as  in  lfi,~  containing  electrons  which  can  be 
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orthogonal  or  noncoplanar  to  the  plane  containing  lithium, 
can  stabilize  o-lithio  derivatives  bv  coordination  while  the 
heteroatom  in  17,  in  which  the  unshared  electrons  are  coplanar 
with  lithium,  destabilize  the  aryllithium  derivative. 


The  above  results,  coupled  with  those  summarized  in  Table 
I,  suggest  that  thermodynamic  rather  than  kinetic  effects 
determine  the  selectivity  observed  in  halogen -metal  exchange 
in  dibromo  aromatic  systems.  Such  reactions  are  of  synthetic 
use  since  selectivity  is  generally  high  and  fair  to  good  yields 
of  elaborated  products  are  obtained. 

Some  attempts  were  made,  incidental  to  this  study,  to  effect 
condensation  of  lithiopyridvls  13  and  14  with  2-bromo-  and 
3-bromopyridine  to  give  bipyridyls;  however,  such  reactions 
gave  tarry  mixtures.  A convenient  synthesis  of  3-n-butylpy- 
ridine  was  developed  and  is  shown  in  Scheme  111.  Other  de- 
rivatives of  13  and  14  were  prepared  and  are  described  in  the 
Experimental  Section. 

Experimental  Section 

I.  Rrominc-l-ithiiim  Exchange  of2,.r>-l)ihromobenzenes.  A. 
Reaction  of  2,5-Oibromotolucnc  (la).  General  Procedure.  A 
solution  of  n-butyllithium  (0.02  mol.  8.65  ml  of  2.3  M solution  in 
hexane)  was  added  to  a cold  ( — 1(H)  °C,  liquid  N,-ether)  solution, 
under  N containing  2,5-dihromotoluene  (5.88  g,  0.02  mol)  and  dry 
(freshly  distilled  from  I.iAIH  i)  THK  (125  ml)  while  maintaining  the 
mixture  at  -90  to  — 100  "C. 

Aliquots  ( 10  ml)  were  quenched  with  50  ml  of  water.  The  resulting 
mixture  was  extracted  with  ether,  dried  (MgSOj),  concentrated,  and 
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analyzed  by  GLC  (f>  ft  X 0.25  in.,  20%  SK-30,  150  °C,  60  ml/min  He) 
to  determine  the  ratio  of  starting  material  (fu  3.75  min)  to  mono* 
hromotoluenes  (tu  1.62  min).  The  residues  were  then  analyzed  by 
NMR  to  determine  t he  rat  io  of  m-hromotolucne  2. 1 1 , Ar( 'U.t)  to 
o-bromotoluene  (A  2.26,  Art’ll The  first  aliquot,  taken  after  30  min, 
showed  no  unchanged  la.  The  ratio  of  o-bromotoluene  to  m -broino- 
toluene  ( — 70/30)  did  not  change  significantly  over  a period  of  120 
min. 

B.  Reaction  of  l-Nitro-2,5-dibromobcnzcnc  (lb).  Reaction  was 
carried  out  as  in  IA.  An  aliquot  ( 10  ml)  was  quenched  with  10%  hy- 
drochloric acid  and  processed  as  in  1A.  Analysis  by  GLC  (6  ft  X 0.25 
in.,  20%  Carbowax  20M  on  Chromosorb  W,  140  °C,  45  ml/min  Me) 
showed  m bromonitrohen/cne  (/|t  3.25  min),  no  o-bromonitrobenzene 
(tu  4.75  min),  and  a trace  of  2,5-dibromonitrobcnz.one  (tu  12.00  min), 
'fhe  entire  reaction  was  quenched  in  10%  HCI  and  worked  up  as  in  I A. 
The  monobromolienzenes  were  collected  bv  distillation  (bp  88  -95  °C, 
l.OTorr).  No  m-hromonitrobenzene  could  he  detected  by  NMR  (ar- 
omatic, comparison  with  authentic  samples)  or  by  GLC.  The  residue 
from  distillation  was  tarry  and  contained  no  m-bromonitrohenzene 
or  o bromonitrobenzene  as  indicated  by  GLC.  The  isolated  yield  of 
pure  m-bromonitrobonzene  was  50%. 

C.  2,5-l)ibromo-./VtN-dimel hylanilino  (1c)  (prepared  from 
2,5-dibromoaniline  (0.04  mol),  methv!  iodide  (40  g,  0.28  mol),  and 
NaH  (0.10  mol)  in  THF;  77'*.,  yield!  bp  90  °C  (0.35  Torr);  NMR 
(CI)C:i;t)  o 2.78  (s,  6)  7.2. (m,  3)|. 

Anal.  Calcd  for  C»H, Br  N:  C.  34.44;  M,  3.25;  N,  5.02;  Hr,  57.29. 
Found:  (\  34.69;  H,  3.38;  N,  4.86;  Hr.  57.41. 

2-Bromo- A'^Y-dimethylaniline  (bp  10  °C  (0.25  Torr),  lit.1 1 bp 
107- 108  °C  (11  Torr);  NMR  (Cl)Cid  b 2.75  (s,  6),  7.(K)  (m,  4)|  and 
3-broino-.V,Ar-dimcthylaniline  (bp  70  °C  (0.45  Torr),  lit.1  ' lip 
KM)  101  °C  (2  Torr);  NMR  (CI)Cl,)  b 2.75  (s,  6),  6.8  (m,  4)|  were 
prepared  bv  the  procedure  of  Borsch  and  Hassid.1-* 

React  ion  of  1c  was  carried  out  as  in  I A. 

Aliquots  were  quenched  with  water,  extracted  with  ether,  dried 
(MgSO.|),  and  concentrated.  The  first  aliquot  ( 1 h)  showed  by  GLC 
(as  in  I A,  190  °C)  no  unchanged  1c  (In  9.25  min),  3 hromo-A \N- 
dimethvlaniline  (95%  hv  peak  height,  f|<  6.00  min),  and  2-bromo- 
N,N-dimethylaniline  (<5%,  t u 3.75  min). 

I).  2,5-Dibromobenzoic  acid  (Id)  Imp  151  155  °C,  lit. 11  153  °C, 
from  la.  KMnO},  and  water  in  ler/-butyl  alcohol,  73%  yield)  was 
treated  with  2 equiv  of  n-C,H-.Li  as  in  1A.  Methyl  2,5-dibromo- 
benzoatc  (mp43-  45  °C,  lit.  40-41  °C,f’),  methyl  2-bromobenzoate, 
and  methyl  3-bromobcnzoatc  were  prepared  from  the  corresponding 
acids  with  diazomethane1  ’ and  showed  retention  times  of  2.62,  1.5, 
ami  1 .5  min,  respective!  * (5  ft  X 0.25  in.,  3%  SK-30, 190  °C,  30  ml/min 
He). 

Aliquots  (10  ml)  were  quenched  with  water  and  the  aqueous  solu- 
tion was  extracted  with  ether.  The  aqueous  solution  was  acidified 
(concentrated  HCi).  extracted  with  ether,  dried  (MgSOj),  and  con- 
centrated. 'fhe  crude  residual  acids  were  treated  with  excess  ethereal 
CH^Nj;  acetic  acid  was  employed  to  destroy  excess  CILN-*.  The  ether 
solution  was  extracted  with  aqueous  bicarbonate,  dried  (MgSOj),  ami 
concentrated.  Analysis  (GLC,  sec  above,  ID)  showed  91%  methyl 
monobromohenzoates  (tu  1-5  min)  and  9%  methyl  2,5-dibromohen- 
zoate  {tu  2.62  min)  (after  100  min).  Analysis  (NMR)  of  the  methyl 
monobromohenzoates  (collected  by  GLC)  showed  it  to  he  nearly  pure 
(>90%)  m-bromobenzoate. 

E.  Reaction  of  2,5-dibromoanilinc  (lc)  was  carried  out  as  I A 
except  that  2 equiv  of  nCJ  LLi  was  employed. 

Aliquots  were  quenched  with  water,  extracted  with  ether,  dried 
(MgSOj),  and  concentrated.  Analysis  was  made  by  GLC  (as  in  1A.  180 
°C,  30  ml/min  He).  Retention  times  of  authentic  2,5-dihromoaniline, 
o-bromonnilinp, and  m-bromoaniline  we  re  1 1.37,3.75,  and  4.75  min, 
respectively.  Essentially  no  exchange  occurred  at  - 100  °C.  'l  he  ratio 
of  le  to  o-hromoaniline  was  95/5  after  45  min  at  —78  °C  and  90/10 
after  135  min;  no  m-bromoaniline  (exchange  at  ortho  position)  was 
detected.  NMR  analysis  showed  some  butylntion  at  —78  °C  and 
considerable  butylation  when  exchange  was  conducted  at  higher 
tempernlure. 

Essentially  identical  results  were  obtained  when  3 equiv  of  n- 
C.(H>iLi  was  employed. 

II.  Elaboration  of  I.  A.  2-Rromo-.,>-l>ulyltolucnc  and  5- 
Bromo-2-n-hutyltolucne.  'I’he  mixture  described  in  1A  was  allowed 
to  warm  to  32  r(  and  maintained  at  this  temprature  for  48  h.  The 
mixture  was  processed  essentially  as  described  in  I A to  give  a mixture 
of  2-hromo  5-n  hut \ Itoluene  and  5-bromo-2-n  Imlyltoluene  |7()% 
yield,  bp  78  82  °C  ( l .0  Torr)|. 

Anal.  Calcd  for  CnH|  ,Br:  C,  58.16;  H,  6.65;  Br,  35.18.  Found:  C, 
58.32;  H,  6.77;  Br,  34.96. 

The  intensity  of  NMR  signals  nl  b 2.28  and  2.13  showed  (hat  lhe 


ratio  of  the  2-hromo  to  the  5-bromo  isomer  was  ~3/7. 

B.  3-Bromo-N,A’-dimethyIaniline  (70%  yield  from  lc,  see  section 
IB  for  i troccdurv.  bp  75  °C  (0.6  Torr),  lit. 5,1  bp  259  °C  (760  Torr),  pure 
by  GLC  (section  IB)(. 

C.  4-Bromo-2-( Af,N-dimethylamino)pbenyldipheny!carbinol 
(4).  Reaction  of  lc  <0.02  mol)  was  carried  out  as  in  IC;  the  reaction 
mixture  was  stirred  for  30  min  at  —100  ° and  benzophenone  (0.0203 
mol)  in  dry  THF  (30  ml)  was  added.  The  mixture  was  allowed  to  warm 
to  32  °C,  THF  was  removed  (rotary  evaporation),  and  ether  (100  ml) 
and  cold  1 0%  sulfuric  acid  (100  ml)  were  added.  The  ether  extract  was 
dried  (MgSO.j)and  concentrated  to  give  6.12  g of  product  which  was 
recrvstallized  from  petroleum  ether  (bp  30-60  °C)  to  give  pure  4 (2.60 
g,  34%  yield,  mp  113-114  °C;  NMR  (CDCl.d  b 2.41  (6  H),  7.4  (18  H), 
9.5(1  H)|. 

Anal.  Calcd  for  Cj, H joBrNO:  C,  65.97;  H,  5.27;  Br,  20.90;  N,  3.66. 
Found:  C,  65.76;  H,  5.41;  Br,  21.18:  N,  3.45. 

D.  5-Bromo-l,l-diphenylphthalidc  (5).  Reaction  of  2,5  dibro- 
mobenzoic  acid  with  n-C  jH«.iLi  was  carried  out  as  in  section  11)  and 
the  mixture  was  treated  with  benzophenone  as  described  in  section 
IIC.  The  mixture  obtained  subsequent  to  removal  of  THF  was  added 
to  ether  (100  ml)  and  water  (100  ml).  The  aqueous  layer  was  separated, 
made  acidic  with  concentrated  HCI,  and  warmed  for  45  min  on  a 
steam  cone  to  effect  cyclization  of  the  intermediate  hydroxy  acid  to 
5.  The  acid  solution  was  extracted  with  ether  which  was  ext  racti-d  with 
aqueous  bicarbonate  to  remove  acids.  'The  ether  extract  was  dried  and 
concentrated  lo  give  3.33  g of  yellow  oil  which  was  recrvstallized  from 
ethanol  to  give  1.60  g (32%  yield)  of  pure  5,  mp  118  120°C. 

Anal.  Calcd  for  C>«,H , :tBrCL:  C,  65.77;  H,  3.59;  Br,  21.88.  Found:  C, 
65.72;  H,  3.52;  Br,  21.96. 

Chromatography  (TLC,  silica  gel)  ol  the  mother  liquor  gave  an 
additional  12%  yield  of  pure  5. 

E.  Spirof5-bi’omoisobenzofur;in-I(3//)-cyclohc\anJ-3-one  (f>) 
and  2-Bromo-5-( I -cyclohexcnvl) benzoic  acid  (7).  Reaction  of  Id 
(0.014  mol)  with  2 equiv  of  n-CjH<«Li  was  carried  out  as  in  11).  The 
mixture  was  maintained  at  —100  °C  for  15  min  and  cyclohexanone 
(0.0408  mol)  in  dry  hexane  (25  ml)  was  added.  The  mixture  was  pro- 
cessed essentially  as  described  in  section  111).  The  ether  layer,  ob- 
tained subsequent  to  treatment  with  hot  aqueous  acid,  contained  1.81 
g of  product  (mp  120  130  °C)  whit  h gave  1 .73  g (45"..  yield)  of  pure 

6 (mp  132  135  °C,  from  petroleum  ether,  bp  63  75  °C). 

Anal.  Calcd  for  C|;<H|.tBrO 55.53;  H,  4.66;  Br,  28.42.  Found:  C, 
55.62;  H,  4.71;  Br,  28,17. 

Acidification  of  the  bicarbonate  solution  gave  0.5  g of  acid,  mp 
125-148  °C.  Recrystallization  of  this  product  from  acetone  water  gave 

7 (5%  yield,  mp  170-171  °C;  NMR  (Me^SO-c/*)  b 1.6  2.5  (m,  8),  6.2 
(s,  J ),  7.4  7.8  (m,  4)]. 

Anal.  Calcd  for  C,:  H,  ,BrO >:  C,  55.53;  H,  4.66;  Br,  28.42.  Found:  C, 
55.70;  H,  4.73;  Br,  28.15. 

HI.  Lithium-Halogen  Exchange  in  Bromopyridincs.  A.  Re- 
action of  2,5-dibromopyridinc  (S,  0.01  mol)  in  '1'HK  (125  ml)  with 
n-CiH.|Li  (0.011  mo)  was  carried  out  at  —100  °C  as  described  in 
IA. 

Aliquots  (10  ml,  20  and  55  min)  were  quenched  in  50  ml  of  10%  HCI 
and  the  solution  was  extracted  with  ether.  The  acid  solut  ion  was  made 
strongly  alkaline  with  50%  KOI!  and  extracted  with  ether.  The  dried 
(MgSO,)  ether  extract  was  concentrated  to  give  residues  analyzed  by 
GLC  (6  ft  X 0.25  in.,  20%  Carbowax  20M  on  C'hromosorh  W,  1 20  °C, 
30  ml/min  He)  which  showed  2-bromopyridine  (f|<  1 1.37  min,  99%) 
and  less  than  1%  3-hromopyridine  (tu  5.00  min).  No  2,5-dihromopy- 
ridine  (tu  2.37  min  at  200  °C)  could  he  detected. 

2-Bromo-5-deutcriopyridine.  The  cold  solution,  prepared  from 

8 (0.01  mol)  and  n-C4H.»Li  as  described  in  MIA,  was  aged  for  30  min 
at  —100  °C  and  then  treated  with  2 ml  of  I)  S04.  The  solution  was 
allowed  to  warm  to  32  °C,  poured  into  dilute  ILSOj  (200  ml),  and 
extracted  with  ether.  1'he  acid  solution  was  processed  as  in  III  A to  give 
1 .93  g of  crude  amine  which  was  analyzed  by  GLC  (6  ft  X 0.25  in.,  20% 
Carbowax  20 M on  Chromosorb  W,  150  °C,  30  ml/min  He).  Retention 
times  of  authentic  samples  follow:  3-hromopyridine,  1.00  min;  2- 
bromopyridino,  3.37  min:  3-bromopvridine  (absent  in  the  mixture) 
was  used  as  internal  added  standard  (same  response  as  the  2 isomer). 
The  pr»>duct  was  essentially  pure  2-bromopyridine  (101%  yield).  Bure 
2-broniopyridine  was  collected  by  GL( '.  Mass  .»■  |>ectral  analysis  showed 
85%  incorporation  of  deuterium  (by  comparison  of  B and  B — 1 peaks 
with  undeuterated  2-broniopyridine).1'' 

B.  Reactions  of  .l-Bromopyr id ine  (12).  I.  3-Lithiopvridinc  (13) 
was  prepared  from  12  (0.02  mol)  and  n ('J  1,1  .i  (0.02  mol)  as  described 
in  section  I A. 

Aliquots  (10  ml)  were  added  to  10%  HCI  (100  ml)  and  THF  was 
removed  (rotary  evnjior  at  or).  The  aqueous  solution  was  extracted  with 
ether  and  made  strongly  alkaline  with  50%  KOH.  The  solution  was 
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.*x  I net  rd  with  ether,  tin*  dried  extract  was  f.eated  with  ethereal  H(’l 
t 1(H  * :d).  and  ether  was  removed.  'The  re  idue  was  treated  with  15% 
aqueous  NaOH  and  extracted  wit ti  ether.  The  dried  extract  was 
concentrated  and  analyzed  by  (il.r  (‘.M>  ..  ( ‘arbovvax  150  °(\  30 
ml/min  I le).  Pyridine  (98%,  1|<  1.5  min)  and.*M»romopyndine  (2%(/i< 
•(.87  min)  were  detected. 

2.  3-/i-Butylpyridiiu\  Pyridine  (0.0*2  mot)  was  added  at  - 100  °C 
to  a solution  ot"  'Mithiopyridine  (0.0*2  nu<0.  prepared  as  described 
above.  'I  he  solution  was  allowed  to  warm  to  8*2  °(\  then  processed 
essentially  as  descriln’d  in  the  1 1 IP  I aliquot.  Analysis  ((ILC,  as  shown 
above)  showed  8 /i  butylpyridinc  Uu  2.25  min)  and  pyridine  Un  1.5 
min).  Distillation  of  the  erode  product  gave  1.62  g (60%)  of  pure  3- 
n-hutvlpvridine  |bp  10  18  °C  (l.5Torr).  lit.1  • bp 8*2  88  °C  ( lOTorr); 
NMH  ((Vl)CI;l)  A0.9(t.,U  11  1.7  (in,  4),  2.5  (t,  2),  7.1  7.4  (m,2),8.4 
(m,  *2)|. 

8.  .t-Pvridyldiphrnvb  arbinol.  8-I.ithiopvridine  (13, 0.0*22  mol) 
was  treated  at  —100  °C  with  benzophenone  (0.022  mol). The  mixture 
was  allowed  to  warm  to  82  °( ’ and  THF  was  removed  (rotary  evapo- 
rator). Dilute  1 l.>SQ | (10  ml  of  10%)  was  added  and  unreacted  ben- 
/.ophenone  (0.009  mol)  was  removed  by  filtration.  'The  arid  solution 
was  made  basic  (KOH)  and  extracted  with  rhloroform.  The  pri/luct 
(8.1 » ;,)  obtained  from  the  dried  chloroform  was  recrystallized  from 
petrol-  urn  ether  (bp  80  GO  °C)  to  give  *2.82  g (5-1%  yield)  of  8-pyri- 
rIvIdii)henvlcarl)inol  (mp  III  114  °C,  lit  I In  °C,M). 

(.  Fraction  of  3-lalinopyridine  (13)  with  2- Bromopyridine  at 
— 1 IX)  °(\  A mixture  of  13  (0.02  mol),  prepared  as  described  above,  and 
2-bromopyridine  (0.02  mol)  was  stirred  at  — lot)  WC*  for  40  mm.  The 
entire  mixture  was  added  to  10%  I (( *1  (200  ml)  and  processed  essen- 
tially as  described  in  I II A aliquot.  Analysis  ((!!.(’  as  in  III  A,  140  °C) 
showed  the  ratio  of  2 bromopyridine  Uu  9.75  min)  to8-bromopyridine 
(fu  6.00  min)  to  )>e  90/4..  The  yield  of  recovered  2-bromopyridine, 
dc -i. u mined  by  adding  o-brornounisole  (t|<  10.75  min)  and  making 
corrections  for  the  relative  response  factors  of  each,  was  78%. 

When  the  mixture  of  13  and  10  was  allowed  to  warm  to  82  °C  a black 
lar  was  obtained  which  was  not  processed. 

I tenet  ion.**  of  2- Bromopyridine  (10).  1.2-Lithiopyridinc  (14) 
w i . prepared  and  an  ilvz*  d as  described  for  13  in  sect  ion  I!  IB.  Analysis 
of  aliquots  (20  min.  (il.<\  180  °C)  showed  pyridine  (fn  2.12  min)  and 
no  unchanged  2 brmnopvridine  (fn  5.62  min). 

2.  2-Ben/oy Ipyridinc.  A .solution  of  14  (0.0844  mol)  was  treated 
after  '.’0  min  with  rmthvl  hm/o.ate  (0.04  mol);  I lie  mixture  was  allowed 
to  warm  to  room  temperature,  THF  was  removed  (rotary  evaporator), 
and  ; he  residue  was  partitioned  between  ether  and  water.  The  ether 
layer  was  distilled  to  give  1 1G  g (71%  yield)  of  *2-l>enzoylpyridine  (bp 
125  185  °C  (0.8  Torr);  picrate  mp  129  -130  °C,  lit.1'*  124  127  °C\. 

8.  Reaction  of  2-lithiopyridino  with  3-hromopyridinc  at  -100 
°C  was  carried  out  as  in  section  IIIB4  (i  ft  X 0.25  in.  20%  Car- 

how,  ix  *20  M on  ( 'hromosorh  W 30/60, 80  ml/min  He).  Aliquots  taken 
at  20  and  GO  min  gave  identical  ratios  of  *2 -bromopyridine  (/ r 8.12  min) 
to  8 bromopyridine  (/|{  4.87  min)  of  79/21.  Some  condensation  oc- 
curred as  evidenced  by  the  dark  color  of  the  crude  product. 


Registry  No.  la,  615 -59  8;  lb,  8460-18  2;  tc.  60578-68-9;  Id, 
610  719.  le,  8688-78  1;  4, 6,0578  6,4  0;  5, 60578  6,5-1;  6, 60578-6,6-2; 
7.6,0578  67 -8;  8,  624-28- -2;  10.  109  04  6;  12,626-55  I;  1.8,60578  6,8-1; 
I t,  1762-4-86-1;  u-butyllitbium.  109-7*2  8;  ‘2  bromo  5 butyltoluenc, 
6,0578-6,9  5;  8-bromo-2  biityJloluene,  60573-70-8;  benzophenone, 
1 19-61  -9;  cyclohexanone,  1 0.8-9 I I;  2-bromo-A',.V-dimethy!anilim\ 
6,98-00  0;  8 hronm-A'.iV-dimel  hvlaniline,  16518-62  0;  pyridine, 
110-86-1;  8-n-butylpyridine,  589-82-2;  methyl  benzoate,  98-58-3; 
2-benzoylpyridinc,  91-02-1. 
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Halogen  metal  exchange  with  2-bromo-3-methyl-2-butenoic  acid  at  -100  °C  leads  to  a stable  lithiovinyl  inter- 
mediate which  reacts  with  a variety  of  electrophiles  to  afford  2-alkylated  derivatives  in  good  yields.  Reaction  of  3- 
melhyl-2-butenoic  acid  with  n-  and  fcrf-butyllithium  followed  by  protonation  or  alkylation  is  discussed. 


Since  2-bromo-2-alkenoic  acids  are  readily  available  from 
2-alkcnoic  acids, '•  then  possible  reaction  as  shown  in  Scheme 
I (I  - 2 — 3)  appeared  attractive  as  a general  method  for 
synthesis  of  2-substitutcd  2-alkenoic  acids.  The  previous 
observation  that  salts  of  bromobenzoic  acids4'1  and  bromoar- 
ylalkanoic  acids11’  form  stable  lithium  intermediates  by 
halogen-metal  exchange  provided  a firm  precedent  for  this 


sequence;  however,  it  remained  to  he  ostal>lished:,-r’  whether 
proton  removal  from  allylic  (y)  positions  (i.e.,  1 — G)  or  lith- 
ium interchange  (i.e.,  2 . • 4)  would  impose  a synthetically 
unacceptable  limitation  on  such  a sequence. 

2-Bromo-3-methyl-2-butcnoic  acid  (1):1  was  chosen  as  a 
model  and  halogen  metal  exchange  was  conducted  in  tetra- 
hydrofuran  at  -100  °C  with  n -butyllithium.  The  progress  of 
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Reactions  of  Lithio  Derivatives  of  Carboxylic  Acids.  1. 
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Halogen  metal  exchange  with  2-bromo-3-methyl-2-hutenoic  acid  at  —100  °C  leads  to  a stable  lithiovinyl  inter- 
mediate which  reacts  with  a variety  of  electrophiles  to  afford  2 -alkylated  derivatives  in  good  yields.  Reaction  of  3- 
methyl-2-butenoic  acid  with  n-  and  tert -butyllithium  followed  by  protonation  or  alkylation  is  discussed. 

Since  2-brt>mo-2-aikenoic  acids  are  readily  available  from  sequence;  however,  it  remained  to  be  established  '"'’  whether 

2-alkenoic  acids, M then  possible  reaction  as  shown  in  Scheme  proton  removal  from  allylic  (>)  positions  (i.e.,  1 -»  6)  or  lith- 

I (1  — 2 — ► 3)  appeared  attractive  as  a general  method  for  ium  interchange  (i.e.,  2 i=?  4)  would  impose  a synthetically 

synthesis  of  2-substituted  2-alkenoic  acids.  The  previous  unacceptable  limitation  on  such  a sequence, 

observation  that  salts  of  bromobenzoic  acids4"  and  bromoar-  2-Bromo-3-methyl-2-butenoic  acid  (l):l  was  chosen  as  a 

ylalkanoic  acids4h  form  stable  lithium  intermediates  by  model  and  halogen-metal  exchange  was  conducted  in  tetra- 

halogen-metal  exchange  provided  a firm  precedent  for  this  hydrofuran  at  -100  °C  with  n- butyllithium.  The  progress  of 
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Table  1.  Reaction  of  Lithio  Derivative  2 with  Electrophiles  (E+) 


rH'xLl 

CH,^  Vxx)" 

2 


E* 


:>< 


E 

(XX)H 


Electrophile 

Product(s) 

E 

Isolated  yield,  % 

Mp,  °C 

Ir  (acid  Pc=o), 

H,0 

{£> 

H 

98a 

45-55* 

1695<'.<* 

CH,ODf 

3b 

IV 

94X 

64-66 

1695* 

CHjCHjl 

3c 

CHjCH, 

79 

42.5-44' 

1686f 

O' 

3d 

"O 

30 

156.5-157.5  dec 

1701/ 

C6H4COC,Hs 

3e 

C(OH)(C„H4  )2 

64 

143—144  dec 

1692/ 

C„HsNCO 

3f 

conhc6h5 

58 

181.5-182.5  dec 

1686/ 

ch,ssch3 

3g 

SCH, 

59 

80-81 

1689* 

C,HsSSCtHs 

3h 

SC6Hs 

61 

85-86 

1684* 

a See  note  5.  * Lit.6  rap  of  3a  is  69.5—70°  C.  c Melt.  d Agrees  with  ref’  value  for  3a.  e 99%  D.  / Ca.  95%  D by  NMR.  Anal. 
Calcd  for  C5H,0, : C,  59.98 ; H,  8.05.  Found : C,  59.18;  H,  7.99.  s See  note  8.  * CC14  solution.  ' See  Experimental  Section. 
/KBr  pellet. 


Scheme  I 
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COO' 
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COO" 

6a 
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4a 
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E 

CH2  I 

V-C— H 

CH:,  | 

COOH 

5 

5a,  F.  - H 


reaction  was  followed  by  examining  aliquots  which  were 
quenched  with  water  (identical  results  were  obtained  with 
saturated  aqueous  NH.tCl  or  10%  aqueous  HC1)  and  analyzed 
(by  NMR)  for  unchanged  1 and  reduced  acids  3a  and/or  5a. 
Halogen-metal  exchange  was  rapid  and  complete  when  the 
first  aliquot  was  taken  15  min  after  addition  of  2 molar  equiv 
of  n-butyllithium  per  mole  of  acid  (at  —100  °C).  When  less 
than  2 molar  equiv  of  n-butyllithium  was  employed  (i.e.,  1.8), 
the  product  acids  (isolated  in  98%  yield)  were  3-methyl-2- 
butenoic  acid  (3a)  and  unchanged  1 (ratio  3a/l  = 75/25). 
When  a 10%  excess  (i.e.,  2.2  equiv)  of  n-butyllithium  was 
employed,  the  product  (isolated  in  98%  yield)  contained 
mostly  3a  but  was  contaminated  with  about  10%  5a.  We  were 
unable  to  eliminate  either  small  quantities  of  1 or  5a  and 
therefore  conducted  subsequent  experiments  with  2.0  equiv 
of  n-butyllithium  (ratio  3a/5a  = 95/5).  We  found  no  evidence 


(other  than  unchanged  1)  for  the  formation  of  6 or  6a.  The 
lithio  derivative  2 reacted  with  various  electrophiles  (E+)  to 
give  fair  to  good  yields  of  2-substituted  3-methyl  2-butenoic 
acids  (3).  The  results  are  summarized  in  Table  I. 

The  exact  process  by  which  5 is  formed  remains  obscure 
since  there  are  a number  of  logical  routes  for  its  formation.1 
The  fact  that  the  ratio  3a/5a  does  not  change  significantly 
when  a solution  of  the  lithio  derivative  2 is  aged  at  -100  or  —70 
°C  (6  h)  shows  that  4 is  not  formed  by  direct  conversion  of  2 
to  4,  or,  alternatively,  if  there  is  an  equilibrium  between  2 and 
4 it  is  reached  rapidly  and  greatly  favors  2.  The  absence  of 
isomer  5a,  unless  a slight  excess  of  n -butyllithium  is  employed, 
implicates  the  trianion  7 (Scheme  II)  as  an  intermediate. 
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Rapid  decay  of  the  trianion,  precedented  by  observation  with 
o-  and  p-bromophenylacetic  acids,41’  defines  one  reasonable 
path  for  the  formation  of  5a.  It  is  not  implied  that  metalation 
occurs  preferentially  at  either  the  cis  or  trans  methyl  group; 
however,  only  trans-alkylated  product  (9,  Scheme  III)  was 
isolated. 

A study  of  the  reaction  of  I with  tert-butyllithium  was  made 
in  an  attempt  to  obviate  formation  of  n -butyl  bromide  formed 
during  halogen-metal  exchange  with  n-butyllithium.  This 
would  be  advantageous  since  it  would  permit  alkylation  of  2 
with  less  reactive  electrophiles  than  were  employed  above. 
Reaction  of  1 with  3 molar  equiv  of  fert -butyllithium.  how- 
ever, led  to  appreciable  isomerization  to  5a  (ratio  3a/5a  = 
68/32)  after  15  min  at  -100  °C.  These  results  are  not  sur- 
prising in  retrospect  since  tert  -butyllithium  is  a stronger  base 
and  possibly  more  prone  to  lead  to  trilithio  derivatives.  Al- 
ternatively, 2 could  compete  with  tert -butyllithium  in  dehy- 
drohalogenation  of  the  tert -butyl  bromide  formed,  thereby 
leading  to  3a  and,  subsequently,  to  5a. 

Katzenellenbogen10  prepared  the  lithio  derivative  4 (4a) 
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Parham  and  Boykin 


x. 


Table  II.  Lithiation  of  3-Methyl-2-butenoic 
Acid  at  -100  °C 


Reaction 
time,  h 

Equiv 

C,H.,Li 

% 5a  in 

product" 

i*C4Ht|Li 

0.25 

2.0 

51 

65 

1.0 

2.0 

53 

75 

2.0 

2.0 

59 

75 

2.25 

3.0 

63 

75 

3.0 

3.0 

71 

79 

4.0 

3.0 

73 

80 

" After  quenching  in  water;  remainder  was  3a.  h After  adding 
an  additional  1 equiv  of  butyllithium  in  the  same  experiment. 


by  reaction  of  3a  with  lithium  diisopropylamide  (LDA)  and 
showed  that  it  undergoes  alkylation  to  give  almost  exclusively 
derivatives  of  5.  While  one  would  expect  4 (4a)  to  protonate 
in  a fashion  analogous  to  alkylation,  neither  this  result  nor  the 
direct  formation  of  4 (4a)  by  use  of  aikyllithium  has  been  re- 
ported. The  results  shown  in  Table  II  show  that  after  1 h the 
product  ratio  is  not  highly  time  dependent  and  is  not  in- 
fluenced significantly  by  additional  aikyllithium.  While  these 
results  suggest  that  4 (4a)  is  protonated  to  3a/5a  up  to  the 
ratio  20/80,  results  described  below  for  alkylation  of  the  re- 
action mixture  do  not  support  such  a conclusion. 

Alkylation  of  the  lithio  derivative  mixture  with  excess  ethyl 
iodide  added  15  min  after  addition  of  2.0  equiv  of  n-butyl- 
lithium  (at  -100  °C,  see  Experimental  Section)  afforded  a 
mixture  of  acids  which  was  analyzed  by  GLC1 1 and  NMR.  The 
results  are  shown  in  Scheme  III. 
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Compounds  3a,  3c,  8,  9,  and  10  were  isolated  (GLC)  and 
characterized  by  NMR  and  combustion  analysis.  Formation 
of  alkylated  productsSand  10  (evidently  some  n -butyl  iodide 
was  formed  under  the  reaction  conditions)  corroborates 
Katzenellenbogen’s  results;  only  2%  of  y-alkylated  product 
9 was  obtained.  The  fact  that  no  5a  was  formed  (NMR  anal- 
ysis of  the  GLC  fraction  containing  3a)  confirms  that  alkyla- 
tion of  4 (4a)  was  complete.  Therefore  it  is  unreasonable  to 
conclude  that  the  high  recovery  of  3a  was  a consequence  of 
incomplete  alkylation  of  4 (4a)  and  it  is  strongly  suggested 
that  the  unmetalated  carhoxylate  salt  of  3a  (i.e.,  1 1,  Scheme 
IV)  was  present  in  the  reaction  mixture  and,  analogously,  in 
the  reaction  products  from  the  protonation  experiments.  In- 
complete metalation  of  1 1 suggests  that  metalation  of  4 (4a) 
to  7 is  competitive  with  initial  metalation  of  1 1 (Scheme  IV). 
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Failure  to  isolate  dialkylated  products  is  consistent  with  rapid 
anion  decay  of  the  trianion  7 to  4 (4a).  Such  decay  of  trianions 
is  precedented.41’ 

In  summary,  halogen-metal  exchange  in  acids  of  type  1 
affords  reasonable  yields  of  derived  acids  of  type  3.  This  work 
complements  that  of  Katzenellenbogen  and  co-workers;10 
consequently  it  is  now  possible  (Scheme  V)  to  alkylate  acids 
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of  type  3a  either  at  the  2 position,  as  described  herein  to  give 
acids  of  type  3,  at  the  4 position  through  the  copper  dienolate10 
to  give  acids  of  type  12,  or  at  the  2 position  to  give  isomerized 
acids  of  type  5. 

Experimental  Section 

All  reactions  involving  organolithium  reagents  were  conducted 
under  an  atmosphere  of  nitrogen.  Tetrahydrofuran  was  distilled  from 
lithium  aluminum  hydride  or  n -butyllithium12  prior  to  use.  Reaction 
temperatures  of  -100  °C  were  achieved  with  a diethyl  ether-liquid 
nitrogen  bath.  All  organic  residues  were  dried  with  anhydrous  mag- 
nesium sulfate.  NMR  data  were  obtained  from  a JEOL  Model 
JNM-MH-100  100-MHz  spectrometer  using  1-2%  tetramethylsilane 
as  an  internal  standard;  IR  data  were  obtained  from  a Perkin-Elmer 
Model  137  spectrometer;  GLC  analyses  were  performed  with  a Varian 
Model  910  gas  chromatograph  (thermal  conductivity  detector).  Mi- 
croanalyses were  performed  by  MHW  Laboratories,  Garden  City, 
Mich.  All  melting  points  were  determined  on  a Mel-Temp  heating 
block  apparatus  and  are  corrected. 

General  Procedure  for  Halogen-Metal  Exchange.  2-Bromo- 
3-methyl-2-butenoic  acid4  (1, 4.48  g,  0.025  mol,  mp  88-90  °C,  lit. 1 mp 
91.5  °C)  and  tetrahydrofuran  (200  ml)  were  introduced,  under  ni- 
trogen, into  a 250-ml  three-neck  flask  equipped  with  a low-temper- 
ature thermometer,  pressure-equalizing  addition  funnel,  nitrogen 
inlet,  and  mechanical  stirrer.  The  reaction  mixture  was  cooled  to  -100 
"O  and  n-butyllithium  (20  ml,  0.050  mol,  2.5  M solution  in  hexane) 
was  added  at  a rate  such  that  the  temperature  did  not  exceed  -90  °C. 
Fifteen  minutes  after  the  addition  of  n-butyllithium  was  complete 
(examinat  ion  of  aliquots  showed  that  formation  of  2 was  complete  at 
this  time),  a solution  of  the  electrophile  in  tetrahydrofuran  (25  ml) 
was  added  at  a rate  such  that  the  temperature  did  not  exceed  -90  °C. 
After  an  additional  15  min  at  about  -90  “C,  the  reaction  mixture  was 
allowed  to  warm  to  room  temperature  (3  h)  and  poured  into  water  (50 
ml).  Solvents  were  removed  (rotary  evaporation)  and  the  mixture  was 
extracted  with  two  30-ml  portions  of  ether  (to  remove  neutral  mate- 
rial). The  aqueous  solution  was  cooled  (0  °C)  and  made  acidic  (con- 
centrated hydrochloric  acid),  and  the  crude  product  was  isolated 
(solids  by  filtration;  oils  bv  extraction  with  five  30-ml  portions  of 
ether).  The  crude  products  were  purified  by  either  recrystallization 
or  preparative  GLC.11 


3-Methyl-2-butenoic  Acids 


J.  Org.  Chem.,  Vo  I.  42,  No.  2,  1977  263 


A.  2-Eth.vl-3-methyl-2-butenoic  acid  (3c)  was  obtained  from  2 
and  ethyl  iodide  ( 1 9.fS  g,  0.125  mol).  Concentration  of  the  acid-con 
tammy  organic  extracts  afforded  2.60  g of  colorless,  semicrystalline 
material  (m p 25  40  °C).  Spectral  analysis  (NMK)  of  this  material 
showed  it  to  he  a mixture  of  3c  (97%,  79%  yield)  and  2-ethyl-3- 
methyl-3-butenoic  acid  (X,  3%,  2% yield).  This  material  was  purified 
bv  preparative  GLC  to  afford  pure  3c  as  white  needles  |mp  42.5-44 
°C,  lit. 1:1  tnp  49.5  °C;  NMR  (CDCI,)  i 1.02  (t,  3.CH-..CH  ,).  1.84  (s,  3, 
CH  i),  2.08  (s,  3,  CH,),  2.34  (quartet,  2,  CH-.CH  ,),  12.0  (s,  l,OH)J. 
Attempts  to  purify  the  mixture  of  crude  acids  by  either  recrystalli- 
zation  or  sublimation  were  of  limited  success. 

Anal.  Calcd  for  C:H|  ,0  ,:  C.  65.59;  H.  9.44.  Found:  C,  65.60;  H, 
9.23. 

B.  2-(l-Hydroxycyclohexyl)-3-methyl-2-butenoic  acid  (3d) 

was  obtained  from  2 and  cyclohexanone  (2.45  g,  0.025  mol).  The 
precipitate  (3.83  g.  mp  106  113  °C  dec)  obtained  upon  acidification 
of  the  alkaline  solution  was  recrystallized  from  chloroform  to  afford 
1.48  g (30%  yield)  of  nearly  pure  3d  as  white  needles,  mp  135-137.5 
°C  dec.  Two  further  recrystallizations  afforded  an  analytically  pure 
sample:  mp  156.5  157.5  °C  dec;  NMK  (acetone-da)  b 1.70  (s,  3,  CIO, 
1.98  (s,  3,  CH  i),  1.0- 2. 2 (m.  10,  ring  CH/s),  4.2  (broad  s,  2,  OH’s). 

Anal.  Calcd  for  ( ' 1 1 H i „(),;  C,  66.64;  H,  9.15.  Found:  C,  66.69;  H, 
9.13. 

C.  2-(Hydroxydiphenylmethyl)-3-methyl-2-butenoic  acid  (3e) 
was  obtained  from  2 and  benzophenone  (9. 1 1 g,  0.050  mol).  The  pre- 
cipitated crude  product  (6.03  g)  was  recrystallized  from  a 1:1  mixture 
of  melhylene  chloride  and  hexane  to  afford  4.52  g (fit’s > yield)  of  nearly 
pure  3e  [in  two  crops,  mp  131- 134  °C  dec  (sealed  tube)  and  121-126 
°C  dec  (sealed  tube)).  A second  recrystallization  afforded  an  analyt- 
ically pure  sample  as  finely  divided  white  crystals:  mp  143-144  °C  dec 
(sealed  tube);  NMR  (acetone-ds)  5 1.46  (s,  3,  CH,),  1.88  (s,  3,  CH,). 
5.30  (broad  s,  2,  OH’s),  7. 1-7. 8 (m.  10.  ArH). 

Anal.  Calcd  for  C,hHikO:,:  76.57;  H,  6.42.  Found:  C,  76.59;  H, 
6.44. 

D.  2-(  ,V- Pheny lea r ba moy i )-. 3- methyl-2- butenoic  acid  (3f)  was 

obtained  from  2 and  phenyl  isocyanate  (3.28  g,  0.0275  mol).  The 
precipitated  crude  product  (3.94  g)  was  recrystallized  from  water  to 
afford  3.15  g (58%  yield)  of  nearly  pure  3f,  mp  174.5-176.5  °C  dec 
(sealed  tube).  A second  recrystallization  afforded  an  analytically  pure 
sample  as  yellowish  needles:  mp  181.5-182.5  °C  dec  (sealed  tube); 
NMR  <CF;,C02H)  b 2.22  (s,  3,  CH:1),  2.40  (s,  3,  CH,), 7.42  (m,  5,  ArH), 
9.1  (broad  s,  1,  NH). 

Anal.  Calcd  for  C,2H,  ,NO,:  C,  65.74;  H,  5.98;  N,  6.39.  Found:  C, 
65.76;  H,  5.94;  N,  6.26. 

E.  2-Mcthylthio-3-methyl-2-butenoic  acid  (3g)  was  obtained 
from  2 and  dimethyl  disulfide  (2.60  g,  0.0275  mol).  Concentration  of 
the  acid-containing  organic  extracts  afforded  3.45  g of  crude  product 
(mp  52-70  °C);  this  was  recrystallized  from  hexane  to  afford  2.04  g 
(59%  yield)  of  analytically  pure  3g  |mp  80-81  °C;  NMR  (CDCI  d 5 2.12 
(s,  3,  CH:i),  2.14  (s,  3,  CH;,),  2.26  (s,  3,  CH:i),  12.0  (s,  1, 0H)|  as  finely 
divided  white  crystals. 

Anal.  Calcd  for  Ci,Hio02S:  C,  49.29;  H,  6.89;  S,  21.93.  Found:  C, 
49.14;  H,  6.84;  S,  21.76. 

F.  2-Phenylthio-3-mcthyl-2-butenoic  acid  (3h)  was  ohtained 
from  2 and  diphenyl  disulfide  (6.00  g,  0.0275  mol).  Concentration  of 
the  acid-containing  organic  extracts  afforded  4.46  g of  crude  product 
(mp  58-71  °C);  this  was  rccrystallized  from  hexane  to  afford  2.73  g 
(61%  yield)  of  analytically  pure  3h  |mp  85-86  °C;  NMR  (CDCl:i)  i 2.16 
(s,  3,  CH  ,).  2.20  (s,  3,  CH,),  7.16  (s,  5,  ArH),  12.0  (s,  1,  OH)|  as  finely 
divided  white  crystals. 

Anal.  Calcd  for  CnHuOzS:  C,  63.43;  H,  5.81;  S,  15.39.  Found:  C, 
63.60;  H,  5.71;  S,  15.12. 

Reaction  of  3-Methyl-2-butenoic  Acid  (3a)  with  Butyllithium. 
A.  Isomerization  to  5a.  Reaction  of  3a  (2.50  g,  0.025  mol,  mp  65-67 
°C,  lit.1'  mp  69.5-70  °C)  in  dry  tetrahydrofuran  (200  ml)  with  butyl- 
lithium  [initially  0.050  mol  of  n-  (2.5  M solution  in  hexane)  or  tert  - 
(1.6  M solution  in  pentane)  butyllithium)  was  carried  out  analogously 
to  the  general  procedure  described  for  1.  Aliquots  were  quenched  in 
water,  made  acidic,  extracted  with  ether,  concentrated,  and  analyzed 
by  NMK.  After  2 h of  reaction  in  the  presence  of  2.0  equiv  of  butyl- 
lithium at  -1(X)  °C,  a third  molar  equivalent  of  butyllithium  was 
added  to  the  reaction  mixture  at  —100  °C  and  additional  aliquots  were 
examined  (see  Table  II  in  discussion).  The  product  acids  3a  and  5a 
could  not  be  separated  by  preparative  GLC. 

B.  Reaction  of  the  Lithio  Derivative  of  3a  with  Ethyl  Iodide. 


Reaction  of  3a  (2.50  g,  0.025  mol)  in  dry  tetrahydrofuran  (200  ml)  with 
n -butyllithium  (0.050  mol)  and  ethyl  iodide  (19.5  g,  0.125  moll  was 
carried  out  analogously  to  the  procedure  described  in  A for  the 
preparation  of  3c.  Concentration  of  the  acid-containing  organic  ex 
tracts  afforded  2.47  g of  yellowish  liquid.  Analysis  of  this  material  by 
preparative  GLC  afforded  analytically  pure  samples  of  the  component 
acids  (listed  in  order  of  their  elution;  the  composition  of  a volatile 
fraction  (7%)  was  not  determined]. 

3-Methyl-2-butenoic  acid  (3a)  (28%,  28%  yield)  was  obtained  as 
white  needles  [mp  and  mmp  65-67  °C,  lit.1’  69.5-70  °C;  NMR  (CDCI  I 
b 2.00  (s,  3,  CH,),  2.24  (s,  3,  CH,),  5.86  (m,  I.  vinyl  H),  12.0  (s,  1. 
OH)]. 

2-Ethyl-3-methyl-3-butenoic  acid  (8)  (59%,  59%  yield)  was  oh 
tained  as  a colorless  liquid  [NMR  (CDCI:,)  b 0.92  (t,  3,  CH.-CH ,).  1 .80 
(s,  3,  CHa),  1.81  (m,  2,  CH2CH  i),  3.00  (t,  1,  methine  H),  5.00  (m.  2. 
gem- CH2),  12.0  (s,  1,  OH)|. 

Anal.  Calcd  for  C7H,  ,0  ,:  C,  65.59;  H,  9.44.  Found:  C,  65.75;  H. 
9.61. 

2-Ethyl-3-methyl-2-butenoic  acid  (3c)  (2%,  2%  yield)  was  ob- 
tained as  white  needles  (mp  42.5-44  °C,  lit.1  * mp  49.5  °C;  NMR  data 
are  reported  above). 

Anal.  Calcd  for  CtHisOz:  C,  65.59;  H,  9.44.  Found:  C,  65.41;  H. 
9.33. 

(E)-3-Methyl-2-hexenoic  acid  (9)  (2%,  2%  yield)  was  obtained 
as  white  needles  [mp  33.5-36  °C;  NMR  (CDCI.,)  b 0.94  (t,  3, 
CHzCH2CH.i)  1.56  (sextet,  2,  CH2CH2CH  <),  2.19  (t,  2,  CH/'HX’H ,), 
2.20  (s,  3,  CHa),  5.82  (m,  1,  vinyl  H),  12.0  (s,  1,  OH)|. 

Anal.  Calcd  for  C7H 1707:  C,  65.59;  H,  9.44.  Found:  C,  65.57;  H. 
9.41. 

2-n-Butyl-3-mcthyl-3-butenoic  acid  (10)  (2%,  1%  yield)  was 
obtained  as  a colorless  liquid  [NMR  (CDCI,,)  b 0.92  (t,  3, 
CH2CH2CH2CH:,),  1.2— 1.5  (m,  4,  CH  .CH2CH,CH  ,),  1.5-2.0  (m,  2, 
CH2CH2CH2CH.i),  1.84  (s,  3,  CH,),  3.10  (t,  1,  methine  H),  5.02  (m,  2, 
gem-C H2),  12.0  (s,  1,  OH)). 

Anal.  Calcd  for  C„His02:  C,  69.19;  H.  10.32.  Found:  C,  69.30;  H, 
10.59. 
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